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CHAPTER I 
INTRODUCTION 
 
1.1 Introduction 
The golden apple snail, Pomacea canaliculata, is organized in the subclass 
prosobranchia of the gastropoda. P. canaliculata is in order Mesogastropoda and family 
Ampullariidae (Bronson, 2002). A general characteristic of the golden apple snail is its 
shape which is round.  Smooth rotation of the spiral shell is right and the spiral shells 
are separated clearly straight seam with a deep notch.  The smallest at the top of the 
shell is called the apex. The spiral at the bottom to the largest of the body is where the 
internal organs locate. A large opening with a lid is called the operculum. Old juveniles 
can mate at any time for 2-3 months.  After the juveniles mate for 5-7 days, female 
snails will spawn their pink eggs on land.  The eggs are accumulated and arranged 
orderly.  The length of the egg cluster is about 2-3 inches and each cluster consists of 
200-3000 eggs.  Hatching of the eggs can occur within 1 or 2 weeks after spawning 
(Bronson, 2002). For breeding, the golden apple snail competes with native species for 
limited resources, because it is able to eat all types of aquatic plants. A large 
consumption of vegetation modifies the natural balance of the ecology system.  In the 
United States of America, It was reported that the golden apple snails reproduce rapidly 
because an absence of their hunters. The expulsion of their populations causes various 
problems.  The elimination method of the snail has yet been discovered.  There are still 
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no chemicals that are chose for direct elimination of the snail invasion. Famers usually 
use ducks to control the snail population (Bronson, 2002; Howells, 2003). 
The digestive system of gastropod, like in most animals, is an esophagus leading 
from the mouth to the stomach, followed by a long intestine which ends at the anus. 
The stomach is embedded within a digestive gland which connects to the stomach by a 
series of ducts (Fretter and Graham, 1962; Voltzow, 1994). 
The first objective of the present study was focus on anatomy of the 
gastrointestinal (GI)  tract of the snail.  Mucin-secreting cells in the GI tract were also 
identified. Mucin-secreting cell (also called goblet cell) is a glandular, modified simple 
columnar epithelial cell. The main function of this cell is to secrete gel-forming mucins, 
the major components of mucus.  Mucin is viscoelastic gel that lubricates the intestinal 
mucosa and protects the epithelial layer from mechanical damage and pathogen 
invasion (Forstner and Forstner, 1994; Montagne et al., 2004; Pavelka and Roth, 2010). 
Mucin also provides a microenvironment for indigenous microflora resulting in the 
formation of a biofilm on the mucosal surface, which plays an essential role in the GI 
tract health of individuals (Probert and Gibson, 2002; Corfield and Shukla, 2003).  
The presence of leptin-like peptide secreting cells in the GI tract and feeding 
control of the snail by the leptin-like peptide were also concerned in the present study. 
Feeding of snail is controlled by many hormones including leptin.  Leptin is a signal 
that regulates food intake and body weight.  The systems that control feeding behavior 
and energy balance appear to be comprised of short-term and long-term systems.  The 
principal function of leptin is involved in the regulation of the digestive system. Leptin 
is an adiposity signal that acts directly on the central nervous system (CNS) via its 
receptor which is expressed at arcuate nucleus (ARC) of the hypothalamus.  The ARC 
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contains neuropeptide Y (NPY)  and agouti-related peptide (AGRP) neurons that 
stimulate food intake and these neurons are inhibited by leptin. In contrast, pro-
opiomelanocortin (POMC)  neurons that reduce food intake are stimulated by leptin 
(Elena et al., 2008). 
 
1.2 Research objectives 
1.2.1 To study the microstructure and ultrastructure of the GI tract of                      
P. canaliculata. 
1.2.1.1 To study histology of all parts of the GI tract (esophagus, 
stomach, intestine, and rectum)  using hematoxylin and eosin 
staining. 
1.2.1.2  To study microstructure and ultrastructure of the GI tract using 
scanning and transmission electron microscopies, respectively. 
1.2.1.3  To identify mucin-secreteing cells in all parts of the GI tract. 
1.2.2 To investigate the presence of leptin-like peptide in the GI tract of               
P. canaliculata. 
1.2.2.1 To localize leptin-like peptide-secreting cells in the GI tract 
using immunoperoxidase technique. 
1.2.2.2 To detect the expression of leptin-like peptide in the GI tract 
using Western immunoblotting technique. 
1.2.2.3 To evaluate changing of the leptin-like peptide levels compared 
between fed and fasted snails using enzyme-linked 
immunosorbent assay (ELISA) technique. 
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1.3 Research hypotheses 
1.3.1 The structure of the GI tract of P. canaliculata is similar to those of other 
closely gastropod species. 
1.3.2 Mucin-secreting cells are observed along the GI tract of P. canaliculata. 
1.3.3 Leptin-like peptide-secreting cells are localized in the GI tract of P. 
canaliculata. 
1. 3. 4 Western immunoblotting shows an expression of leptin-like peptide in 
parts of the GI tract.  Molecular weight of the leptin-like peptide is related to those of 
other species. 
1.3.5 Level of leptin-like peptide is changed in the fasted animal. 
 
1.4 Scope and limitation of study 
 1.4.1 Study the microstructure and ultrastructure of the cells throughout the GI 
tract using light and electron microscopies. 
  1.4.2 Classification of the mucin-secreting cells by histochemistry methods. 
 1.4.3 Examination of the appearance of leptin-like peptide-secreting cells in 
various parts of the GI tract, to confirm that leptin peptide is also found in invertebrates. 
 1.4.4 By mean of immunoblotting, the molecular weight of the leptin-like 
peptide could be related to that of the positive control. 
 1.4.5 Comparing the levels of the leptin-like peptide in the GI tract using ELISA 
technique.  The study compared between the snails that were allowed to eat regular 
meals and snails that were fasts.  This study could confirm that leptin-like peptide 
functions in the snail.
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CHAPTER II 
LITERATURE REVIEW 
 
2.1 Golden apple-snail (Pomacea canaliculata) 
Pomacea canaliculata (Lamarck, 1819), common name “ golden apple snail” , 
is organized in the subclass Prosobranchia of the Gastropoda which is dominant from 
the other subclass. P. canaliculata is in order Mesogastropoda and family 
Ampullariidae (Bronson, 2002).  The snail has a distinct flat lid called an operculum 
which is used to close the mouth of the shell.  The operculum is carried on the back of 
the snail body behind the shell and is pulled inwards to seal the shell when the snail 
withdraws inside (Robert, 2002). The golden apple snail is larger than other types of 
freshwater snail.  It can be separated from other species by an observation of its egg 
shell which is porous or open umbilicus (Robert, 2003).  
The shell of the golden apple snails is spherical and is separated by a deep, 
indented suture (the spiral seam marking).  The shell aperture is large and is oval to 
round shape.  Male snails are known to have a rounder aperture than those of females. 
The snails have yellow to brownish black body.  Diameters of mature golden apple 
snails are ranged more than 3 cm (Robert and Thiengo, 2003) as shown in Figure 2.1.
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Figure 2.1 Morphology of Pomacea canaliculata. Scale bar = 1 cm.  
 
The golden apple snail can propagate and grow rapidly. Its diets are all types of 
plants. This species spends its days submerged and hidden under vegetation and is more 
active at night.  The activity rate of this snail varies with the water temperature. Old 
juveniles can mate at any time for 2-3 months.  After the juveniles mate for 5-7 days, 
female snails spawn their pink eggs on land.  The eggs are accumulated and arranged 
orderly (Figure 2.2). The length of the egg cluster is about 2-3 inches and each cluster 
consists of 200-3000 eggs. Hatching can occur within 1 or 2 weeks after spawning. The 
eggs in a cluster are loosely bound to each other and are found on an object above the 
waterline for preventing of their predators.  A previous study reported that the eggs of 
P.  canaliculata contain proteins that are resistant to digestion and are a neurotoxic 
substance to mice.  This could explain the lack of comparison of predators and bright 
colors warn (Dreon et al., 2010). Respiratory organs of the snail includes both gills and 
breathing air organs. The ability to breath in the air helps the snail to survive during the 
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irrigation.  Snails usually dig deep in the soil in dry season and come out in the rice 
fields when flooded. Adult snails eat the above ground parts of rice seedlings (Bronson, 
2002; Howells, 2003). 
 
 
 
Figure 2.2 An egg cluster of P. canaliculata. Scale bar = 1 cm.  
 
In 1980, the golden apple snail was brought to Taiwan for human food industry. 
After that, it became a serious pest by feeding on rice and corn. Subsequently, it quickly 
spread to Indonesia, Thailand, Cambodia, Hong Kong, South China, Japan, Philippines, 
and Hawaii (Bronson, 2002; Howells, 2003). 
For breeding, the golden apple snail competes with native species for limited 
resources, because it is able to eat all types of aquatic plants.  A large consumption of 
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vegetation modifies the natural balance of the ecology system. The rapid reproduction 
with the absence of its hunter in the United States made its populations exploded and 
caused further problems.  The elimination method of snail has yet been discovered. 
There are no chemicals that are chosen for elimination of the snail invasion.  In areas 
where snails are found and crops are found to be damaged.  Famers usually use ducks 
to control the snail population (Bronson, 2002; Howells, 2003). 
The temperature has been found to be a major factor affecting the biology of   
P. canaliculata. Its growth rate is highly dependent on temperature. The rest period is 
in winter which it mostly shows complete stop of growth.  Females can store sperm for 
140 days and lay up to 3,000 viable eggs along this period (Estebenet and Cazzaniga, 
1998). 
 
2.2 The snail gastrointestinal tract 
The digestive system of gastropod, like in most animals, is an esophagus leading 
from the mouth to the stomach followed by a long intestine which ends at the anus. The 
stomach is embedded within a digestive gland which connects to the stomach by a 
series of ducts (Fretter and Graham, 1962; Voltzow, 1994).  The esophagus is divided 
into an anterior, middle, and posterior regions.  The stomach may or may not contain a 
crystalline style, a cellular gelatinous rod containing adsorbed digestive enzymes. 
When the crystalline style is presented, it may lie within the stomach or in a separate 
chamber (Graham, 1949; Owens, 1958).  The rectum is the most variable part.  It is a 
simple tube containing Nucella lapillus which is one of symbiotic bacteria that is used 
for the balance of microorganisms in the digestive tract (Brough and White, 1990; 
Andrews, 1991). 
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The gastrointestinal tract of Megathura crenulata subclass prosobranchia is 
composed of the lip, anterior esophagus, middle esophagus (called pharynx by 
Illingsworth, 1902; Figure 2.3), posterior esophagus, stomach, digestive gland, style 
sac, three regions of intestine, and rectum.  The esophagus lies ventral to the visceral 
mass and enters the stomach at the posterior end to the right of the midline.  The 
digestive gland, stomach, and intestine lie in a large ovoid visceral mass. The stomach 
is an ovoid sac diagonally orientated which opens to the intestine at the anterolateral 
left position.  Posterior to the style sac is the intestine, the longest region of the gut. 
Three regions are labeled which are intestinal loop, middle, and posterior intestine 
(Martin et al., 2010). Anatomy of the gastrointestinal tract of M. crenulata is shown in 
Figure 2.4 (Martin et al., 2011). 
 
 
Figure 2.3 Schematic drawing of the snail gastrointestinal tract. AE: anterior 
esophagus; DG: digestive gland; F: foot; IL: intestine loop; LP: lips on ventral surface; 
ME:  middle esophagus; MI:  middle intestine; PE:  posterior esophagus; PI:  posterior 
intestine; R: rectum; S: stomach; SG: salivary gland; SS: style sac (Martin et al., 2010). 
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Figure 2.4 The gastrointestinal tract of M. crenulata. SG: salivary gland; aME: anterior 
region of middle esophagus; pME: posterior region of middle esophagus; aPE: anterior 
region of posterior esophagus; pPE:  posterior region of posterior esophagus; DG: 
digestive gland; SS: style sac; IL: intestinal loop; and PI: posterior intestine. A: anus; 
M: mouth. Scale bar = 5 cm. Modified from Martin et al. (2011). 
 
The esophagus is divided into 4 parts:  anterior region of middle esophagus, 
posterior region of middle esophagus, anterior region of posterior esophagus, and 
posterior region of posterior esophagus. The tube from the anterior to the posterior end 
(Figure 2.4) shows the middle esophagus which opens along the mid-ventral axis. Three 
pairs of folds hang from the dorsolateral wall into the lumen.  Using scanning electron 
micrograph (SEM), the surface of each fold appears quilted with cells organized into 
ovoid areas (Martin et al., 2010).   
Epithelium of the esophagus contains two types of cells, mucus-secreting cells 
(located in posterior esophagus) which are inserted with the epithelial cells and are 
scattered between the more abundant apocrine secretory cells (ASC; Figure 2.5B and 
2.5C; Martin et al., 2010).  Each ASC is columnar in shape and contains a centrally 
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located nucleus with a prominent nucleolus.  The cytoplasm around the nucleus and in 
the basal part of the cell contain rough endoplasmic reticulum (RER), Golgi bodies, 
mitochondria, ovoid electron lucent vesicles, and pigment granules. The apical 
cytoplasm (Figure 2.5C) contains numerous mitochondria, an occasional lipid droplet, 
and a variety of vesicles.  They contain vesicles, cytoplasm, and granules.  When the 
membrane of each bleb eventually lyses, the content is released into the gut lumen by 
an apocrine process (Figure 2.5B and 2.5C; Martin et al., 2010). 
Mucus- secreting cells (Figure 2.5E and 2.5F) are tall cells and are the most 
abundant on the larger ridges. The nucleus is located in the basal third and the apical 
cytoplasm is filled with secretory granules that appear empty when examined under a 
light microscope (LM). The granules are stained with periodic acid-Schiff (PAS) and 
faintly with alcian blue.  Using transmission electron micrograph (TEM), developing 
vesicles are electron-lucent with a punctate pattern of granules connected by fine 
filaments. Each vesicle also contains an eccentrically placed circular region of 
moderate electron density. The cytoplasm is not filled by mucus granules, but it 
contains numerous vesicles, RER, Golgi bodies, mitochondria, and secondary vacuoles 
(Martin et al., 2010). 
The majority of cells lining the posterior esophagus are ASC. These cells are as 
tall as the mucus secreting cells, but are narrower. They are connected by intermediate 
junctions.  Their apices bear microvilli and cilia (Figure 2.5F).  From the base of each 
cilium is a long striated rootlet that extends into an accumulation of electron dense 
stained mitochondria when observed by TEM (Martin et al., 2010). 
Cells in all regions of the esophagus produce blebs which are expanded from 
their apices. They release cytoplasm containing vesicles into the gut lumen by an 
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apocrine secretion (Figure 2. 6A).  As the apex of each cell bulges into the lumen, the 
microvilli shorten and may disappear. The cytoplasmic bulges pinch off to form 
spherical blebs viewing by SEM, which can be seen to cover the gut surface (Figure 
2.6B; Martin et al., 2010). 
The stomach consists of four major regions; the sorting area, gastric shield, roof, 
and style sac that extends into the intestine (Figure 2.7A; Martin et al., 2010). Near the 
esophageal opening are three ducts connecting to the digestive gland. The opening of 
the esophagus into the stomach contains a circular muscular area (Martin et al., 2010). 
Ventral surface of the stomach contains large ridges that run parallel to the 
esophageal opening and form the sorting area (Figure 2. 7B; Martin et al., 2010).  The 
epithelium is composed of a single type of ciliated columnar cell (Figure 2.7C; Martin 
et al., 2010), with centrally located elongate nuclei.  These cells bear very long and 
densely packed cilia on their apices (Figure 2.7D; Martin et al., 2010). The cytoplasm 
beneath the nuclei lacks distinctive vesicles, and RER.  Mitochondria are especially 
abundant along the base of the cell.  To the right of the esophageal valve along the 
posterior wall of the stomach is the gastric shield (Figure 2.7A; Martin et al., 2010).  It 
composes of an epithelium covered by a chitinous layer that stains with PAS and 
dissolves in chitinase (Martin et al., 2010). 
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Figure 2.5 The middle and posterior parts of the esophagus. A: The middle esophagus 
showing folds (F) which project into the lumen.  The anterior (left) and the posterior 
(right). Scale bar = 10 mm. B: Apocrine (arrows); secretory cells of middle esophagus; 
connective tissue (CT); nuclei (N).  Scale bar = 20 µm.  C:  TEM micrograph showing 
cover (arrows) extending from secretory cells; electron-dense (a), intermediate (b) and 
electron-lucent (c) granules; cilia (C); mitochondrion (M); microvilli (MV); nucleus 
(N). Scale bar = 5 µm.  D:  The posterior esophagus showing longitudinal ridges 
(arrows), the anterior (left).  Scale bar = 10 mm.  E:  Light microscopy (LM) picture 
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showing the epithelium of posterior esophagus; mucus-secreting cell (MC); 
mitochondria (M); basal lamina (BL); nuclei (N). Scale bar = 10 µm.  F:  TEM 
micrograph showing apex of posterior esophagus; mucus granules (MG); electron-
dense mitochondria (M).  The cilium with a dilated tip (* ), cilia (C); microvilli (MV). 
Scale bar = 5 µm. (Martin et al., 2010). 
 
 
 
Figure 2.6 TEM and SEM micrographs of the anterior esophagus A:  TEM picture 
showing apocrine secretions (arrows) from posterior esophagus; mitochondria (M); 
mucus granules (MG); microvilli (MV).  Scale bar = 5 µm.  B:  SEM of the posterior 
esophagus covered with spherical blebs released by apocrine secretion; cilia (arrows). 
Scale bar = 10 µm. (Martin et al., 2010). 
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Adjacent cells of the stomach are connected by intermediate junctions and 
possess extremely long and wavy microvilli that span nearly the entire thickness of the 
gastric shield (Figure 2.7F; Martin et al., 2010).  The matrix between the microvilli 
contains filaments which are located in the bottom half of each cell (Martin et al., 2010). 
The posterior end of the stomach tapers to the anterior and left side of the animal 
and forms the style sac. This region is typically filled by a crystalline style that extends 
into the stomach. Such that the anterior end of the style is directed towards the posterior 
of the animal and presses against the gastric shield (Figure 2.8A; Martin et al., 2010).  
The style is cream in color, shiny, cylindrical, and stains with eosin and PAS. The sides 
of the cylinder are smooth and the anterior end has a rough surface and fits into the 
ducts leading into the digestive gland.  The style is composed of lamellae and debris 
and often embedded in the layers (Figure 2.8B; Martin et al., 2010). 
The style sac has a large C-shaped typhosole which wraps around the crystalline 
style and a smaller typhosole which runs along the ventral surface of the style sac. There 
are two types of epithelial cells on the wall of the style sac including both the concave 
and convex surfaces of the typhosole; typical mucus secreting cells and ASC. The ASC 
are similar to those seen in the sorting area and the esophagus. They are columnar cells 
which contain punctate heterochromatin and a prominent nucleolus, elongate 
mitochondria, and RER (Figure 2.9A; Martin et al., 2010).  Their apices are covered 
with a dense brush border. The apical cytoplasm of these cells contains pigment 
granules which to the narrowness of these cells often which appear to be lined up in 
rows. The ASCs protrude their microvilli and cilia into the lumen (Figure 2.9B; Martin 
et al., 2010). At the base of the epithelium along the basal lamina and between adjacent 
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cells are irregularly shaped spaces containing flocculent material as same as that 
observed in other gastropods (Graham, 1949). 
 
 
 
Figure 2.7 LM, SEM and TEM micrographs of the stomach.  A:  Morphology of the 
stomach; esophageal valve (EV); sorting area (SA).  The left of the sorting area is the 
major typhosole (T) bounding the style sac (SS), and to the right is the gastric shield 
(GS) merging into the chitin-lined roof (R), and openings of stomach into the digestive 
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gland (arrows). Scale bar = 5 µm. B: SEM image of sorting area showing major (MAR) 
and minor (MIR) ridges. Scale bar = 2 mm. C: LM image showing elongate cells; cilia 
(C), microvilli (MV), and elongate nuclei (N).  Scale bar =  15 µm.  D:  TEM image 
showing apex of ciliated cell from sorting area; long cilia (C); pigment-granules (PG), 
and secondary lysosomes (SL). Scale bar = 5 µm. E: LM image showing gastric shield 
(GS); epithelial cells (E).  The granules in the apical half of the cells (arrows); 
connective tissue (CT); lumen (L).  Scale bar =  300 µm.  F:  TEM image showing 
microvilli (MV) embedded in chitinous matrix; granules (G).  Scale bar =  10 µm. 
(Martin et al., 2010). 
 
Intestine is the longest part of the gut. In the loop, the major typhosole from the 
style sac is still presented. The minor typhosole is also reduced and looks like one of 
the many ridges that run parallel to the long axis of the gut and continue into the rectum. 
A pair of larger ridges forms the food groove (Figure 2.9C; Illingsworth, 1902).  The 
middle intestine is at least partially embedded in the digestive gland.  The posterior 
intestine separates from the digestive gland, and then extends dorsally into the mantle 
cavity where it forms a short tube, the rectum.  The simple columnar epithelium of the 
intestine (Figure 2.9D; Martin et al., 2010) is similar throughout the length of the 
intestine with only minor variations in the height of the cells and is composed of two 
types of cells; mucus-secreting cells and ASCs (Martin et al., 2010). 
The rectum is a short tube.  Its lumen is reduced and its wall has an irregular 
shape to several major ridges that project into the lumen (Figure 2.10A; Martin et al., 
2010).  The ridges are continuations of the folds seen in the intestine. The epithelial 
cells are shorter than in the intestine and have a similar width.  There are two types of 
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cells found in the rectum, is mucus- secreting and ciliated cells (Figure 2.10B; Martin 
et al., 2010). They have the typical apical region of microvilli (Martin et al., 2010). 
 
 
 
Figure 2. 8 The crystalline style A:  The crystalline style tapered at the posterior end 
(to the right). Scale bar = 15 mm. B: Cross section of crystalline style showing lamellae 
(arrows) and embedded debris (D). Stained with PAS. Scale bar = 0.5 mm. (Martin et 
al., 2010). 
 
Although ASCs in the rectum look very similar to those seen in other regions 
of the gut, apocrine secretion was not observed in these cells.  Clusters of 
microfilaments are seen in the cytoplasm extending from the base of the cilia to the 
basal plasma membrane.  The mucus-secreting cells of the epithelium are similar to 
those seen in other regions of the gut.  The epithelium rests on a typical basal lamina 
(Martin et al., 2010). 
 In the stomach, on the right side of the esophageal valve are the openings of two 
ducts carrying materials into the digestive gland, and on the right side is a single 
opening and duct.  All three ducts branch repeatedly and end in acini.  Ducts have the 
simple columnar epithelium which is composed of a single type of cell (Figure 2.10C; 
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Martin et al., 2010).  The apex of the cell has a brush border and adjacent cells are 
connected by intermediate junctions (Martin et al., 2010). 
The lumen of the rectum may be nearly eliminated by folds of the epithelium. 
The epithelium is composed of two types of cells.  The major type of cells, digestive 
cells, have a basal nucleus and eosinophilic cytoplasm.  The basal half of each cell is 
filled with spherical vacuoles (Figure 2.10E). These are presumably phagocytic 
vacuoles and contain material of various densities.  The apex of the cells may lack 
microvilli or if microvilli are presented, they are spared. The second type of cell in the 
acini is called the secretory cell.  Its cytoplasm appears denser and stained darker with 
H&E than the digestive cell (Figure 2.10F; Martin et al., 2010). 
 
2.3 Mucin 
Mucin is secreted from goblet cell.  It is likely a proteoglycans consisting of a 
polysaccharide chains linked protein core (Gendler and Spicer, 1995). The 
carbohydrate content of a mucin may probably be up 90%  of its molecular weight. 
Mucins are classified into neutral and acid mucins, according to the net charge of the 
molecule  (Deplancke and Gaskins, 2001).  The polysaccharide chains of the mucins 
vary from neutral mucin or weakly acidic mucin (sialomucin) to strongly acidic 
(sulfomucin). The neutral mucin composes of monosaccharides, for example mannose, 
galactose, and galactosamine. The sialic acid is a group of nine-carbon monosaccharide 
that contents a carboxylate group at the carbon molecule (Schauer, 1982; Varki et al., 
1999).  Carboxyl group is ionized at a physiological pH and forms an overall negative 
charge on the molecule (Varki et al., 1999).  In additional sialomucin composes of         
N-  or O- acetylated group and sulfomucin composes of a group of N- acetylated type 
(Filipe, 1979).  
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Figure 2. 9 LM and TEM images of the intestine.  A:  TEM picture of style sac; 
microvilli (MV); cilia (C); mitochondria (M); granules (G); and striated rootlets (R). 
Scale bar =  3 µm.  B:  TEM showing apocrine (arrows) in the style sac; cilia (C); 
mitochondria (M); striated rootlets (R). Scale bar = 5 µm. C: Intestinal loop showing 
longitudinal ridges and two larger ones (arrows) which are continuations of the style 
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sac. Scale bar = 300 µm. D: LM image showing the intestine; basal lamina (BL); Cilia 
(C); connective tissue (CT); nuclei (N); pigment granules (PG). Scale bar = 50 µm. E: 
TEM image of apocrine secretory cells from intestine showing blebs detached from the 
cells (arrows), cilia (C), and pigment granules (PG); nucleus (N). Scale bar = 8 µm. F: 
TEM image showing apocrine secretion (arrow) of the intestine; cilia (C); pigment 
granules (PG). Scale bar = 5 µm. (Martin et al., 2010). 
 
Mucin is generally associated with the epithelial surface of the respiratory, 
digestive, and reproductive systems.  The difference of carbohydrate structures may 
affect the presence of mucin (Hattrup and Gendler, 2008; Thornton et al., 2008).  The 
function of mucin in mucous layer is to lubricate the intestinal mucosa and protects the 
epithelial layer from mechanical damage and pathogen infection (Forstner and Forstner 
1994; Montagne et al., 2004). These mucins may be participate in the control of cellular 
functions, cell proliferation, and cell adhesion (Wesseling et al., 1995; Moniaux et al., 
1999; Schroeder et al., 2001).  The neutral mucin occurs in greater quantities in the 
gastric mucosa, whereas the acidic mucin dominants in the intestinal epithelium. Acidic 
mucins are more tolerant to degradation by bacterial glycosidases and host proteases 
and they show higher viscosities and acid compared to neutral mucins (Deplancke and 
Gaskins, 2001).  The distribution of mucin can differ according the number of cells 
secretion, cell type, region, anatomical, pathology, conditions, and species (Scillitani  
et al., 2007). 
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Figure 2. 10 SEM and TEM micrographs of the rectum A:  SEM picture of rectum 
showing ridges (arrows) and artifact tear (AT); anus (A).  Scale bar = 2 mm.  B:  TEM 
picture of rectal epithelium showing two cell types; mucus-secreting (MC) and ciliated 
cells (CC); cilia (C); nuclei (N). Scale bar = 10 µm. C: The ducts in the digestive gland; 
pigment granules (PG); brush border (BB); lumen (L); nuclei (N). Scale bar = 25 µm. 
D: LM picture of digestive gland showing crypt (CRY) and digestive cells (DC); lumen 
(L).  Scale bar =  50 µm.  E:  TEM picture of digestive cell; digestive vacuoles (DV); 
lumen (L).  Scale bar =  5 µm.  F:  TEM picture of secretory or crypt cells; lumen (L); 
microvilli (MV); nucleus (N). Scale bar = 5 µm. (Martin et al., 2010). 
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Goblet cell or mucin- secreting cell were identified in the GI tract of various 
species. In the Southern African spiny mouse (Acomys spinosissimus), the body 
(corpus) of the stomach contained predominantly neutral mucins.  In Hottentot golden 
mole (Amblysomus hottentotus), the surface mucous cells and the proximal mucous 
neck cells of the gastric glands consisted of mixed mucins (neutral and acid), whereas 
the distal mucous neck cells were stained intensely for neutral mucins.  Sialomucins 
were presented in surface and neck mucous cells of A.  hottentotus, while few mixed 
sialomucins and sulfomucins were presented in the corpus of the stomach.  Neutral 
mucin- secreting goblet cells in the small intestines of A.  spinosissimus and Reddish 
gray musk shrew (Crocidura cyanea) appeared to dominate the acid mucin. Moreover, 
in A.  hottentotus, the acid mucin secreting goblet cells were predominantly located in 
the small intestine. The small intestine of various animals (mouse, rat, hamster, guinea 
pig, rabbit and cat)  also contained mucin- secreting cells (Boonzaier et al., 2013; 
Sheahan and Jervis, 1976). 
 
2.4 Feeding hormone 
There are many hormones that are released during food ingestion. Some of these 
hormones are important in regulating of an appetite. The appetite is found to be 
regulated by a complex system of central and peripheral signals which interact in order 
to modulate the individual response to nutrient ingestion. Peripheral regulation includes 
satiety and adiposity signals, whereas central control is accomplished by several 
effectors, including the neuropeptidergic, monoaminergic and endocannabinoid 
systems. Satiety signals, cholecystokinin (CCK), glucagon-like peptide-1 (GLP-1) and 
peptide YY (PYY), originated from the gastrointestinal tract during a meal and via the 
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vagus nerve reaching the nucleus of tractus solitarius (NTS) in the caudal brainstem. 
From NTS, afferent fibers project to the arcuate nucleus (ARC), where satiety signals 
are integrated with adiposity signals, namely leptin and insulin, and also with several 
hypothalamic systems (Elena et al., 2008). 
Concerning the neuropeptidergic system, neuropeptide Y (NPY) is the most 
powerful central enhancer of appetite.  Its expression is predominant in ARC, from 
which NPY neurons project to second-order neurons located in paraventicular nucleus 
(PVN), lateral hypothalamic area (LHA), perifornical area (PFA), ventromedial 
(VMN), dorsomedial (DMN) nuclei, and also to other brain regions, setting in motion 
of the anabolic pathway (Ramos et al., 2005). Furthermore, 90% of NPY co-expresses 
with agouti-related peptide (AGRP; Schwartz et al., 2007). Low leptin levels are found 
in hypoglycemia, hypoinsulinemia, and conditions of negative energy balance can 
enhance NPY mRNA expression in ARC. Central administration of NPY inhibits 
thermogenesis, enhances food intake and promotes adipogenesis in rats (Williams         
et al., 2004). To date, six NPY receptors have been isolated, two of which (Y1 and Y5) 
seem to mediate the NPY anabolic effects. Y1 and Y5 antagonists are under 
investigated as antiobesity agents, although blockade of NPY activity might be 
associated with side effects such as arterial hypertension, analgesia, impairment of 
pituitary hormone secretion and hypoglycemia (Parker et al., 2002). 
AGRP is another potent orexigenic peptide.  Releasing of AGRP by ARC is 
inhibited by leptin infusion, while its expression is upregulated in ob/ob leptin-deficient 
mice.  AGRP influences food intake mainly through the competitive antagonism of 
central melanocortin receptors (Ollmann et al., 1997).  Alternative mechanisms of 
action might be mediated by orexin or opioid receptors (Schwartz et al., 2000). AGRP 
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secretion appears to be triggered chiefly by any impairment of energy balance (Harrold 
et al., 1999). High circulating levels of AGRP have been documented in human obesity 
(Katsuki et al., 2001), A polymorphism in the human AGRP gene, which seemed to be 
correlated with late-onset obesity, has recently been described (Argyropoulos et al., 
2002). 
Pro-opiomelanocortin (POMC) is the precursor of several molecules including          
α-melanocyte-stimulating hormones, which represents the main regulator of energy 
balance in this family.  A study in rats showed that involuntary overfeeding followed 
by a significant increasing in POMC expression and by anorexia increased higher than 
5% of body weight. This pattern was reversed by intracerebroventricular administration 
of a melanocortin-receptor antagonist (Schwartz et al., 2000).  
The anorexigenic effect of melanocortin is mediated by two receptors, MC3R 
and MC4R, which are highly expressed in the brain and particularly in ARC.                     
In humans, more than 5% of the cases of morbid nonsyndromic obesity are associated 
with mutations of the MC4R gene. Heterozygous mutations are characterized by severe 
obesity, hyperphagia, increased fat free mass, hyperinsulinemia and acceleration of 
linear growth, while homozygous mutations exhibit an even more severe phenotype 
(Farooqi et al., 2003). A mutation of the MC3R gene, responsible for obesity and 
insulin resistance, had recently been found in a child and his father (Lee et al., 2002). 
The key role of the melanocortinergic system as a mediator of anorexigenic signaling 
is encouraging the experimental use of agonist or antagonist molecules for the treatment 
of eating disorders. Due to their long-lasting anorexigenic effect, some MC4R analogs, 
such as melanotan II (Hansen et al., 2005), are good candidates as antiobesity drugs. 
Syndecans are a family of four transmembrane heparan sulfate proteoglycans that act 
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as coreceptors for a variety of cell-surface ligands and receptors. Interestingly, 
syndecan-1 and syndecan-3 enhance the activity of AGRP (Reizes et al., 2001).  Thus, 
inhibitors of syndecan-3 have been proposed as a possible treatment of obesity and are 
now under investigations (Hansen et al., 2005). 
Ninety percent of cocaine- and amphetamine-regulated transcript (CART) 
neurons are co-localized with POMC neurons in ARC and project their fibers to second-
order neurons which are likely mediating the anorexigenic effect of leptin. The 
anorexigenic action of CART seems to be mediated by central release of glucose-like 
peptide 1 (GLP-1), since blockade of GLP-1 receptors inhibits CART induced 
hypophagia (Aja et al., 2001).  Both ob/ob and fa/fa mice show reduced CART 
expression, while CART central administration reduces food intake in rats dose-
dependently (Vettor et al., 2002). A missense mutation in the CART gene has recently 
been described, which causes severe obesity and reduction of resting energy 
expenditure in humans (Yanik et al., 2006). CART null mice developed an increase in 
food intake and obesity while on a high fat diet, whereas, unexpectedly, food intake 
was reduced in the heterozygous model (Kokkotou et al., 2005).  This suggests a dual 
effect of CART on eating behavior, is likely dependent on different sites of action at 
the hypothalamus.  Indeed, 95% of CART neurons located in the lateral hypothalamic 
area (LHA) co-expresses the orexigenic peptide melanin-concentrating hormone 
(MCH; Kong et al., 2003). 
Melanin-concentrating hormone (MCH) is expressed in a discrete sub-
population of neurons situated in the zona incerta and LHA.  In ob/ob leptin-deficient 
mice, MCH mRNA levels increased and the administration of leptin reduces MCH 
expression. Infusion of MCH in rats induced a significant hyperphagia with an 
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increasing in body weight (Williams et al., 2004). MCH knock-out mice were resistant 
to diet-induced obesity, increasing of energy expenditure, and locomotor activity 
(Kokkotou et al., 2005).  Several MCHR1 antagonists are under investigation as         
anti-obesity drugs (Kokkotou et al., 2005). Among these compounds, SNAP-7941 has 
proved that it is able to reduce food intake in rat, counteracting the effects of central 
MCH administration.  Given chronically, it decreased palatable food consumption and 
body weight (Elena et al., 2008). 
Orexin A (OXA) and orexin B (OXB) are two peptides derived from the 
common precursor prepro-orexin, identified in 1998 (Sakurai et al., 1998). They 
activate two closely related G protein-coupled receptors known as OX1 and OX2. 
OXA, which appears to exert a more prominent orexigenic effect compared with orexin 
B, is expressed in neurons of the PFA, LHA and dorsomedial nucleus, with projections 
to neighboring hypothalamic nuclei and extra-hypothalamic areas including NTS.  A 
single intracerebroventricular injection of OXA increased feeding when administered 
during the light phase, but not at the beginning of the dark phase, indicating that 
sensitivity of OXA to orexins might be subjected to circadian variations.  Similarly, 
chronic administration of OXA over 8 days in rats increased food intake during 
daytime, but caused a compensatory reduction of nighttime feeding, leaving daily food 
intake and body weight unchanged (Rodgers et al., 2001). Studies on the potential use 
of OXA antagonists to reduce appetite in obese patients are in progress (Ehrstrom          
et al., 2005).  Central administration of OXA antagonist to rats decreased feeding and 
accelerated the attainment of satiety and resting (Rodgers et al., 2001), while peripheral 
injection of OXA in humans did not affect eating behavior, though it reduced leptin 
levels and slowed gastric emptying (Ehrstrom et al., 2005). 
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 Monoaminergic neurotransmitters interact with neuropeptides to control satiety 
mechanisms and eating behaviors.  Serotonin, produced in the dorsal raphe nucleus, 
reduces food intake and body weight by diminishing appetite and increasing energy 
expenditure (Schwartz et al., 2000). Based on these properties, several antiobesity 
agents have been developed, for example, the serotonin agonists; fenfluramine and 
dexfenfluramine, and the inhibitors of serotonin reuptake, fluoxetine and sertraline. 
However, fenfluramine and dexfenfluramine have been withdrawn from the market for 
serious adverse cardiovascular effects. Sibutramine, which is a combined serotonin and 
norepinephrine (NE) reuptake inhibitor, has proved efficacious in human obesity, 
causing a weight loss of 15% after 1 year of treatment.  The drug is contraindicated in 
non-adequately controlled arterial hypertension and in psychiatric disorders (Proietto 
et al., 2000).  NE, synthesized in the dorsal vagal complex and the locus coeruleus, 
stimulates food intake through the activation of the α2-receptor, whereas stimulation of 
α1-, β2- and β3-receptors shows the opposite effect (Ramos et al., 2005). In ob/ob leptin-
deficient mice, circulating levels of NE are elevated, suggesting a modulation of NE 
release by leptin as one of the mechanisms of action of the adiposity signal (Schwartz 
et al., 2000).  The effects of dopamine (DA) on food intake depend on the numerous 
receptor subtypes and brain sites of action.  Indeed, DA signaling appears to suppress 
food intake in ARC and LHA, and to stimulate it in VMH (Ramos et al., 2005). 
Furthermore, mesolimbic pathways seem to be associated with the “rewarding” effects 
of palatable food through the activation of the D5 subtype receptor (Pothos et al., 1995). 
Repeated systemic treatment with D1, D2 or D1/D2 receptor agonists reduce food 
intake. In ob/ob mice, leptin deficiency is accompanied by reduced DA levels. 
However, the observation that incubation of rat hypothalamic extracts with leptin leads 
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to the inhibition of DA release contrasts with the hypothesis of a direct correlation 
between leptin and the DA system (Brunetti et al., 1999). 
In the regulation of eating behavior, endogenous cannabinoids are emerging as 
important “carriers” of metabolic information from the central nervous system to the 
periphery and vice versa.  The orexigenic effect of exogenous cannabinoids, exerted 
through G-protein-coupled cannabinoid (CB) type 1 and type 2 receptors, is well 
known.  The two principal endocannabinoids in the brain are anandamide (AEA), 
derived from membrane phospholipids and 2-arachidonoylglycerol (2-AG), and from 
triglycerides. They act as retrograde messengers, being secreted by postsynaptic cells. 
They bind their receptors on nerve terminals to inhibit synaptic transmission in either 
excitatory glutamatergic or inhibitory GABAergic axons (Alger, 2004).  Cannabinoids 
are also important players in the reward circuitries, since they interact with opioid and 
dopaminergic systems to enhance satisfaction coming from the ingestion of palatable 
food (Pagotto et al., 2006).  Ob/ob leptin-deficient mice display elevated levels of 
hypothalamic endocannabinoids, which are reduced by leptin administration. An effect 
also documented in normal mice (Van et al., 2005).  Circulating levels of endogenous 
cannabinoids are also increased in obese women compared with lean controls (Engeli 
et al., 2005). Confirming previous reports showed that weight loss and improvement of 
metabolic features were found in obese animals treated with endocannabinoid 
antagonists (Tonstad et al., 2006). The recently published RIO (Rimonabant in Obesity) 
which studied in the treatment of human obesity demonstrated the efficacy of the CB1 
blocker SR141716 (rimonabant) given at the dose of 20 mg daily in addition to 
hypocaloric diet.  This antagonist was able to induce a decrease in body weight by 5% 
in 67%  of the patients and by 10%  or more in 39%  of the cases, together with a 
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significant reduction of waist circumference. Additionally, the drug significantly 
decreased the prevalence of dyslipidemia and metabolic syndrome.  Owing to the 
interactions of endogenous cannabinoids with a number of suprahypothalamic, 
hypothalamic and peripheral signals, the use of rimonabant, at the moment the most 
promising anti- obesity agent, may be accompanied by mood disturbances, especially 
depression, and gastrointestinal dysfunctions (Van et al., 2005). 
Cholecystokinin (CCK) is secreted by duodenal and ileal cells when nutrients 
enter the lumen.  It binds to specific receptors (CCK-1R) located on vagal sensory 
terminals delivering to NTS a sense of fullness.  Under some experimental conditions, 
exogenous CCK elicited satiety and reduced meal size in different species (Gutzwiller 
et al., 2001; Geary, 2004).  Indeed, intravenous infusion of physiological doses of   
CCK-33 significantly reduced the size of a single-food test meal as well as the degree 
of post-prandial hunger in humans (Lieverse et al., 1995). However, the CCK agonist, 
cerulean, failed to modify food intake both in lean and obese Zucker rats ( Schwanke  
et al., 1998)  and in obese women (Cavagnini et al., 1987).  In contrast, intravenous 
infusion of loxiglumide, a CCK-1R antagonist, inhibited the satiating effect of 
intraduodenal administration of fat emulsions in healthy men (Matzinger et al., 1999). 
The same drug was able to reverse the premeal reduction of hunger induced by CCK-8 
to human (Elena et al., 2008). 
Glucose-like peptide 1 (GLP-1) is another gut hormone released in response to 
food intake. It enhances glucose-induced stimulation of insulin synthesis and secretion. 
In contrast, it suppresses glucagon secretion and delaying gastric emptying. Moreover, 
its infusion to rats decreases food intake and body weight (Meeran et al., 1999).  In a 
recent meta-analysis of seven studies, a significant dose-dependent decrease in ad 
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libitum caloric intake was shown both in lean and obese subjects (Verdich et al., 2001). 
In this latter study, a diminished postprandial GLP-1 release has also been 
demonstrated. These notions represent a rationale for the use of GLP-1 in the treatment 
of obesity and diabetes mellitus. Unfortunately, the clinical employment of this 
molecule is limited by its short half-life (1-3 min), since it is rapidly inactivated by the 
enzyme dipeptidyl peptidase IV (DPPIV).  Long-acting GLP-1 agonists, as well as 
inhibitors of DPPIV, are under investigation to circumvent this limitation.  In healthy 
volunteers, intravenous infusion of exendin-4 (exenatide), a potent long-acting agonist 
of GLP-1, decreased 21%  in total daily food intake, as well as a reduction in fasting 
and post- prandial glucose level.  Exenatide is now available on the market as an 
adjunctive therapy to improve glycemic control in patients with type 2 diabetes mellitus 
treated with conventional oral antidiabetic drugs (Bray, 2006). While some studies have 
shown a beneficial effect of dipeptidyl peptidase IV (DPPIV), inhibitors on glucose 
metabolism in patients with type 2 diabetes mellitus, there is no evidence as yet on the 
efficacy of such drugs on weight loss in human (Ahren et al., 2002; Bays, 2004). 
Peptide YY ( PYY3-36)  is mostly released by L-cells of the distal segments of 
the gut in amounts correlated with the ingested calories (Batterham et al., 2003). Most, 
but not all, published data indicate that peripheral infusion of PYY3-36 reduced food 
intake and prolonged inter- meal intervals in several animal models. Recently,                    
a PYY3-36 deficiency has been demonstrated in obesity (Le et al., 2005; Koda et al., 
2005). Peripheral infusion of doses of the peptide reproducing postprandial 
concentrations was able to significantly reduce caloric intake in obese as well as in lean 
subjects ( Batterham et al., 2003).  PYY3-36 is hypothesized to act at the hypothalamus, 
at least in part via vagal pathways afferent to NTS (Koda et al., 2005). Its effect might 
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be mediated by excitement of POMC neurons and activation of anorexigenic circuits 
(Woods, 2004). Although PYY agonists are under active investigation, further 
information is still needed about the relative contribution of PYY to satiety and its 
potential use for weight reduction (Elena et al., 2008). 
Ghrelin is the only orexigenic GI peptide isolated so far.  This 28-amino-acid 
acylated peptide is mainly secreted by the “A-X like” cells of the oxyntic glands of the 
stomach and represents the chief endogenous ligand for growth hormone-secretagogue 
receptors (GHS-Rs).  It is also synthesized by the placenta, kidney, heart, thyroid and 
Leydig cells (Van et al., 2004). A mounting body of evidence has demonstrated that 
ghrelin, in addition to its powerful GH-releasing and orexant effects, plays a remarkable 
role in the control of ACTH and prolactin secretion, glucose and lipid metabolism, 
gastric motility and acid secretion, heart function, sleep, and reproduction. In addition, 
ghrelin exerts antiproliferative effects both in vivo and in vitro (Van et al., 2004). Type 
1a ghrelin receptor (GHS-R1a) is chiefly located in the hypothalamus-pituitary unit, 
especially on the NPY and GHRH neurons (Lucidi et al., 2005).  In rats, ghrelin 
enhanced food intake in a dose dependent manner.  In human, intravenous infusion of 
ghrelin at physiological doses induced hunger and caused short-term enhancement of 
food intake (Wren et al., 2001).  Circulating ghrelin increases almost two-fold just 
before a meal and rapidly falls down postprandially (Tschop et al., 2001). Ghrelin levels 
elevated in anorectic patients (Tolle et al., 2003) and the levels were low in obese 
subjects (English et al., 2002). However, the negative feedback physiologically exerted 
by food on ghrelin release is lacking (Vettor et al., 2002).  Notably, the reduction of 
caloric intake observed in obese patients following infusion of PYY3-36 was 
accompanied by a decrease in circulating ghrelin (Batterham et al., 2003). Interestingly, 
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the only form of human obesity characterized by elevated circulating ghrelin described 
so far is the one associated with Pradere-Willi syndrome (Delparigi et al., 2002) and a 
contribution of hyperghrelinemia to the hyperphagia of these patients has been 
suggested.  Ghrelin action is mediated by the enhancement of NPY/AGRP pathways 
and the inhibition of POMC neurons (Lucidi et al., 2005) in a way opposite to that of 
leptin.  Vagus nerve is likely to be an important mediator of ghrelin action (Van et al., 
2004).  Prolonged ghrelin administration to rodents was followed by an increase in fat 
mass and body weight, likely a result of the decreasing of lipid oxidation (Tschop           
et al., 2001).  Antagonists of ghrelin may be a potential approach to limit food intake 
and reduce fat mass in obesity.  However, the administration of the novel GHS-R1a 
antagonist BIM-28163 to rodents led to a paradoxical weight gain accompanied to the 
expected inhibition of GH release (Halem et al., 2005).  Another peptide also derived 
from proghrelin and named obestatin has recently been isolated from rat stomach. 
Administered to rats, this peptide has been found to bind the orphan receptor known as 
GPR39, to suppress food intake and decrease body weight (Zhang et al., 2005). 
When body weight augments, insulin resistance occurs with attendant increase 
in insulin secretion.  Insulin enters the brain in proportion to its circulating levels, 
contributing to reduce energy intake through the activation of catabolic pathways 
(Schwartz et al., 2000). Central administration of insulin significantly reduced feeding 
and body weight in animal models (Vettor et al., 2002). Insulin and leptin both activate 
POMC neurons, but they seem to differentially regulate AGRP, with leptin inhibiting 
and insulin stimulating its synthesis (Wanting et al., 2005).  In any case, insulin 
deficiency is associated with increased NPY, while insulin administration inhibits 
hypothalamic NPY expression (Vettor et al., 2002).  Indirect and direct evidence 
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suggests that the two adiposity signals, leptin and insulin, not always act in concert in 
regulating food intake (Sindelar et al., 1999). 
Glucagon is a twenty-nine amino acid peptide that reduces food intake after 
peripheral administration (Penick and Hinkle, 1961; Geary and Smith, 1983; Geary, 
1990). Following portal vein administration in experimental animals, glucagon 
produces a dose-dependent inhibition of food intake. Antibodies that bind to glucagon 
increase food intake, suggesting that the signals generated by pancreatic glucagon act 
in the liver and may be physiologically relevant in modulating feeding. Glucagon 
decreased food intake in human subjects when given alone, but not when given 
simultaneously with CCK (Geary et al., 1992). Glucagon-like peptide-1 is produced by 
the post-translational processing of pro-glucagon, and is thought to be one signal that 
enhances insulin release in response to glucose incretin (gastric inhibitory peptide 
and/or glucagon-like peptide; Nauck et al., 1993). Infusion of glucagon-like peptide-1 
peripherally in human subjects significantly reduced food intake (Flint et al., 1998). 
Somatostatin is a fourteen amino acid peptide that is present in the pancreas, 
gastrointestinal tract and brain.  Somatostatin serves to inhibit gastrointestinal motility 
as well as exocrine and endocrine secretions.  In experimental animals somatostatin 
decreased food intake (Lotter et al., 1981). Somatostatin also decreased food intake in 
healthy human subjects (Lieverse et al., 1995).  During the first 1 h of somatostatin 
infusion, there was a significant decrease in feelings of hunger. When an intraduodenal 
fat load was given at this time, it tended to reverse the feelings of satiety. The intake of 
sandwiches at 90 min after the fat load tended to be higher during the somatostatin 
infusion than during the saline infusion.  Feelings of hunger were less in the 5 h after 
terminating the somatostatin infusion than with the control infusion (George, 2002). 
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Peripheral injection of serotonin reduced food intake and specifically decreased 
fat intake (Bray and York, 1972; Gambil and Kanarek, 1982).  Since the majority of 
serotonin is located in the gastrointestinal tract, it seems that serotonin receptors in this 
tissue play an important role in the modulation of food intake, in response to enteral 
signals, or to the rate of gastric emptying. Tryptophan, the precursor of serotonin, also 
reduced food intake in human subjects (Cangiano et al., 1992). 
At least four pituitary peptides have been shown to modulate food intake.  The 
first of these is vasopressin, the anti-diuretic hormone that enhances water re-absorption 
from the renal tubal. Vasopressin significantly reduced food intake over a 4 h period in 
experimental animals.  The reduction in food intake, particularly in the first 30 min of 
feeding, was not significantly impaired by vagotomy, suggesting that its peripheral 
mechanism of action is different from that of CCK or enterostatin (Langhans et al., 
1991). 
Following treatment with growth hormone, hypophysectomized animals 
increased their food intake and grow. Whether this finding is a direct effect of growth 
hormone on feeding centers or a consequence of the enhanced flux of amino acids into 
new protein and a second stimulation of feeding is unclear, but the latter appears to be 
a more reasonable hypothesis. Lactation increases food intake, suggesting that prolactin 
may increase feeding.  Gettens et al.  (1989) found a dose-dependent increase in food 
intake in response to treatment with prolactin. Injection of prolactin into the 
cerebroventricular system of pigs also increased food intake. Bromocriptine, a 
dopamine ( 3, 4-dihydroxyphenylethylamine) -agonist that reduces prolactin secretion, 
has been reported to modulate the seasonal fattening of hibernating and migratory 
animals. The clinical relevance of prolactin to human obesity has not been established. 
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The fact that prolactinomas do not produce obesity would argue against an important 
role (George, 2000). 
Calcitonin decreased food intake in genetically-obese (db/db) and in non-obese 
animals (Morley et al., 1982). A strong dose-dependent suppressive effect of calcitonin 
on food intake can be demonstrated in animals whose feeding has been stimulated by 
tail pinching, a technique that is used for increasing food intake (Levine and Morley, 
1981). As with β-casomorphin, the effect of calcitonin is blocked by vagotomy, 
suggesting vagally-transmitted afferent messages to the central nervous system 
(George, 2000). 
 
2.5 Leptin 
Leptin is a polypeptide produced mainly by adipocytes and liver cells.  Leptin 
circulates as a peptide of relative molecular weight of 16 kDa.  The previous study 
reported that the plasma levels of leptin were highly correlated with adipose tissue mass 
and fall in both humans and mice after weight loss.  The levels of leptin increased in 
obese humans and induced forms of rodent obesity.  Leptin acts via its receptor in the 
brain to regulate energy balance. Leptin concentrations in the blood are correlated with 
body weight and body mass index (BMI). Circulating leptin serves to communicate the 
state of body energy repletion to the central nervous system (CNS) in order to suppress 
food intake.  Many effects of leptin were reported, particularly in the hypothalamus, a 
site of high leptin receptor.  In the hypothalamus, leptin acts on neurons that regulate 
levels of circulating hormones, such as thyroid hormone, sex steroids, and growth 
hormone.  Leptin does not increase significantly after a meal and does not, by itself, 
lead to the termination of a meal.  Leptin appears to function largely within the long-
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term system and influences the quantity of food consumed relative to the amount of 
energy expended.  However, leptin was depleted from the stomach of rats after a meal 
or administration of CCK, indicating that it could also function in the short-term system 
or locally in the gastrointestinal tract (Stunkard et al., 1990; Maffei et al., 1995; Bado 
et al., 1998). 
Leptin, the ob gene product, is produced mainly in the adipose tissue and enters 
the brain in proportion to its plasma levels.  Leptin maintains long- term control on 
adiposity and regulates adaptive metabolic changes in response to modifications of 
nutritional (Ahima and Osei, 2004).  Leptin is also able to regulate short-term energy 
intake, modulating meal size according to changes in energy balance:  with negative 
energy balance. Low leptin signaling activates anabolic and inhibits catabolic circuits, 
enhances NPY/AGRP release, and blocks the activity of POMC/CART neurons which 
increase in meal size and decrease in energy expenditure (Schwartz et al., 2000).  The 
opposite occurs with positive energy balance.  Genetic absence of either leptin or its 
receptor is associated with severe obesity and hyperphagia.  These features improve 
both in animal and human models after restoration of physiological plasma leptin 
levels.  An 18-month treatment of recombinant human leptin to adult human leptin-
deficient patients caused a weight loss greater than 40% and an initial 49% reduction 
of food intake (Licinio et al., 2004).  Congenital leptin or leptin receptor deficiencies, 
however, are extremely rare in human, and the beneficial effect of leptin in essential 
obesity appears to be only transient (Geary, 2004; Ahima and Osei, 2004; Heymsfield 
et al., 1999; Rosenbaum et al., 2002).  Most obese subjects display increased levels of 
circulating leptin, indicating obesity as a state of leptin resistance (Considine et al., 
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1996). Elucidation of the molecular mechanisms underlying this alteration could 
provide clues for successful treatment of obesity (Elena et al., 2008). 
Leptin replacement corrected abnormalities, implying that ob mice exist in a 
state of  “perceived starvation” and that the resulting biological response in the presence 
of food leads to obesity.  The idea that decreased plasma leptin levels signal nutrient 
deprivation was supported by the observation that exogenous leptin attenuated the 
neuroendocrine response to food restriction (Ahima et al., 1996).  These observations 
led to a speculation that main physiological role of leptin is to signal nutritional status 
during periods of food deprivation.  However, leptin role in preventing excess weight 
gain has been shown to be physiologically significant (Friedman and Halaas, 1998). 
The effect of leptin on adipocyte metabolism has been published related to an 
investigation of the effects of leptin on adipocyte metabolism compared with the large 
number of studies that have examined the effects of central or peripheral leptin 
administration on whole animal energy balance.  Adipose tissue expresses both long- 
and short-form receptors which exert direct metabolic effects of leptin on adipocytes. 
The change in metabolism may also be achieved indirectly through modification of 
release of metabolically active hormones, changes in response to these hormones or by 
increasing the activity of sympathetic afferents to the fat cell. Administration of leptin 
to leptin- responsive animals reduced body fat mass (Kielar et al., 1998; Harris et al., 
2001). 
Leptin receptors have been found in several hypothalamic nuclei, including the 
ARC, VMH, LH, DMH and PVN.  NPY is the most potent orexigenic agent known 
when administered intrathecally. The LH and VMH project both within and outside the 
hypothalamus and modulate activity of the parasympathetic and sympathetic nervous 
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systems, respectively.  The DMH also sends inputs to the parasympathetic nervous 
system and may be involved in integrating information among the VMH, LH, and PVN. 
The PVN controls secretion of peptides from both the posterior and anterior pituitary 
and projects to nuclei with sympathetic or parasympathetic efferents.  Leptin 
concentrations are sensed by groups of neurons in the hypothalamus. During starvation, 
leptin levels fall, thus activating behavioral, hormonal and metabolic responses that are 
adaptive when food is unavailable.  Weight gain increases plasma leptin concentration 
and elicits a different response, leading to a state of negative energy balance.  It is not 
yet known whether the same (or different)  neurons respond to increasing and 
decreasing leptin levels. The range of leptin effects is likely to be complex, as different 
thresholds exist for several of leptin actions (Ioffe et al., 1998).  
Also, the mechanism by which centrally administered leptin leads to lipolysis 
and the loss of adipose tissue mass is unknown.  The metabolic response to leptin is 
markedly different from the response to reduced food intake. Whereas food restriction 
(dieting)  leads to the loss of both lean body mass and adipose tissue mass.  Leptin 
induced weight loss is specific for the adipose tissue mass.  Leptin also prevents the 
reduced energy expenditure normally associated with decreased food intake. Moreover, 
in contrast to food-restricted (pair-fed), a marked increase in serum-free fatty acids was 
shown.  Hyperleptinemia animals underwent a rapid period of weight loss fail to show 
a rise in serum- free fatty acids or ketones (Halaas et al., 1995; Pelleymounter et al., 
1995). 
However, recent evidence suggests that leptin was also expressed in lower 
vertebrates including fish.  Leptin-like immunoreactive material was detected in blood 
and tissues of amphibians (Muruzabal et al., 2002) and reptiles (Muruzabal et al., 2002; 
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Paolucci et al., 2001). Peripheral injections of murine leptin decreased food intake and 
increase metabolic rates in lizards (Niewiarowski et al., 2000). 
Leptin-like immunoreactive material was detected in several species of fish 
(Johnson et al., 2000; Mustonen et al., 2002; Nieminen et al., 2003; Yaghoubian et al., 
2001). With western blot analysis using anti-human leptin antibodies, a leptin-like 
peptide with the molecular weight of 15 kDa was identified in salmon adipocytes 
(Vegusdal et al., 2003).  Leptin-treated green sunfish, Lepomis cyanellus, displayed an 
increase in the enzymatic activity of several indicators of intracellular fat metabolism, 
suggesting that leptin induces an overall increase in fat metabolism (Londraville and 
Duvall, 2002).  In teleosts, leptin was first identified in pufferfish (Takifugu rubripes), 
using genomic synteny around the human leptin gene.  Subsequent identification of 
leptin in other teleosts included carp, goldfish (Carassius auratus), Atlantic salmon 
(Salmo salar), and zebrafish (Danio rerio) (Kurokawan et al., 2005; Huising et al., 
2006; De Pedro et al., 2006; Murashita et al., 2008; Runnestad et al., 2010; Gorissen   
et al., 2009). 
 In goldfish, higher peripheral doses of leptin were required to cause a decrease 
in food intake than when administered centrally, suggesting that in fish, as in mammals, 
leptin acts primarily in the brain to control energy homeostasis (Volkoff et al., 2003). 
Also in goldfish, central injections of leptin accentuated the anorexigenic effects of 
CART and CCK and inhibited both NPY and orexin induced food consumption, and 
these actions were associated with an increase in both CCK and CART mRNA 
expression and a decrease in NPY mRNA expression in brain (Volkoff and Peter, 
2001a; Volkoff et al., 2003).  These data suggest that in fish, as in mammals, leptin 
interacts with hypothalamic pathways to inhibit food intake. As mentioned previously, 
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data suggest that the actions of leptin in fish are mediated in part by CCK (Volkoff        
et al., 2003). 
 In yellow catfish (Pelteobagrus fulvidraco), the distributions and expression 
levels of leptin and leptin receptor were examined in pituitary, heart, liver, spleen, 
intestine, white muscle, mesenteric fat, ovary, and testis. The leptin gene was expressed 
in a wide range of tissues, but their expression levels varied.  The leptin mRNA 
expression levels were highest in liver, followed by ovary, mesenteric fat, and spleen, 
and lowest in intestine, heart, muscle, pituitary, and testis.  The leptin receptor mRNA 
levels were highest in pituitary, intermediary in mesenteric fat, liver, ovary, muscle and 
spleen, and were lowest in heart, intestine, and testis, respectively (Yuan et al., 2013). 
Leptin immunoreactivity was found to be scattered in stomach cells of non-
mammalian vertebrate species including trout, frog, lizard, and snake. Leptin 
immunolabeling was identified in oxyntic glands of frog and reptilian species, but not 
in trout. In trout and lizard, leptin immunoreactivity was found scattered in cells located 
at typical of endocrine cells.  Leptin immunoreactivity was found in epithelium of the 
enteric nervous system.  Leptin immunoreactivity was also observed in myenteric 
plexus of trout, as well as those of frogs and snakes (Muruzabal et al., 2002). 
 Immunohistochemical analysis revealed the expression of leptin and leptin 
receptors in large and roundish cells organized in clusters of human and rats. 
Immunostaining of these cells was observed. In rat carotid bodies, cytoplasmic staining 
for leptin and leptin receptors were diffusely positive.  The immunoreactivity of both 
leptin and leptin receptors was intense and widely distributed in the cytoplasm. 
Immunostained cells were found in both the center and periphery of lobules in carotid 
body (Porzionato et al., 2011). 
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In Chinese mitten crab, Eriocheir sinensis, the leptin receptor is a single 
transmembrane glycoprotein with homology to interleukin 6 that belongs to the class I 
cytokine receptor superfamily (Morash et al., 2003).  Isoforms of leptin receptors with 
cytoplasmic regions of varying lengths is due to alternative splicing. The previous study 
identified a partial EST clone from the hepatopancreas library in E. sinensis that shares 
high sequence identity to lepr gene from other species (Jiang et al., 2009). This was the 
first report of a crustacean lepr gene, which may regulate male reproduction in this 
species, similar to its role in other animals.  The lepr cDNA contains a 402 nucleotide 
open reading frame (ORF) encoding a putative polypeptide of 133 amino acids with a 
predicted molecular weight of 14.42 kDa. Alignment of E. sinensis lepr gene with other 
lepr amino acid sequences from vertebrates and invertebrates showed that they shared 
similarities (Hui et al., 2010). 
Quantitative real-time RT-PCR was employed to investigate the distribution of 
lepr expression in different tissues from healthy immature E.  sinensis.  The results of 
these experiments showed that lepr was expressed in all of the tissues examined, but 
the expression levels varied between tissues. Lepr expression levels were highest in 
intestine, thoracic ganglia, gonad and accessory gonad, moderate in hepatopancreas and 
cranial ganglia, and only trace levels of expression were detected in muscle, gill, heart, 
haemocytes and stomach (Hui et al., 2010).
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CHAPTER III 
MATERIALS AND METHODS 
 
3.1 Materials 
 3.1.1 Animal preparation 
Male and female snails were collected from rice fields in Chum Phuang sub-
district, Nakhon Ratchasima province (15°20’6” N 102°44’31” E) in April 2014. They 
were housed in soil-made containers filled with de-chlorinating water in the ratio of 8:1 
(female:male), and fed daily with morning glories. They were acclimatized for at least 
2 weeks prior to experiments.  The snails were kept under a normal day/ light cycle 
(12/12 h) and the temperature was ranged between 25-28oC.  Adult snails were used in 
the experiments. For the classification of the snail ages, sizes of operculum were 
measured. The adult sizes are usually more than 3 cm (Pain, 1960). Female snails were 
used in the experiments, because they consumed more food. 
 
3.2 Methods 
3.2.1 Tissue preparations for light and electron microscopies 
3.2.1.1 Light microscopy 
After euthanization by placing the snails at -20oC for 10 min, the 
gastrointestinal (GI) tract was removed and separated into parts; esophagus, stomach, 
intestine, and rectum. The tissues were then fixed in Bouin’s solution (Bio-optica, 
Milano, Italy) for 24 hr. dehydrated with graded series of ethanol (70%-100%), and 
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finally embedded in paraffin. The tissue blocks were cut serially with a rotary 
microtome at the thickness of 5 µm. The sections were stained with hematoxylin and 
eosin (Bio-optica) using the conventional method. Briefly, the sections were immerged 
in xylene (Fisher Chemical, New Jersey, NY) for an elimination of paraffin. 
Subsequently, the sections were rehydrated by immerging in graded series of ethanol 
(100-70%) and then distilled water, followed by staining with hematoxylin and eosin 
(Bio-optica). Finally, the samples were dehydrated with graded series of ethanol       
(70% -100%), cleared with xylene, and mounted with permount (Fisher Chemical). The 
experiments were repeated using tissues from five different individuals.  
Heights of the epithelial cells in parts of the GI tract were measured 
according to the method modified from Mustafa and Qasem (2016). Five hematoxylin 
and eosin stained sections were selected from each part of the GI tract. From each 
section, 10 microscopic fields were photographed (a microscopic field area equaled 
0.12 nm2).  The measurements were conducted from the basement membrane to the 
apical surface of the epithelial cells using a computerized image analysis program 
(Cell˄D software; licensed to Suranaree University of Technology). 
3.2.1.2 Scanning electron microscopy 
Conventional preparation for tissue viewing under a scanning electron 
microscopy was performed according to the method modified from Martin et al. (2010). 
After euthanization of the snails, parts of the GI tract (as described above) were 
removed and fixed with 4% paraformaldehyde (Acros Organics, New Jersey, NY) 
overnight at 4oC. The tissues were washed with 0.1 M phosphate buffer saline (PBS; 
137 mM NaCl, 2.7 mM KCl, 10 mM Na2HPO4, 2 mM KH2PO4) and post-fixed with 
1% osmiumtetroxide (Electron Microscopy Sciences, Hatfield, PA) in PBS at 4oC for 
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4 hr. After washing with PBS, the tissues were dehydrated through a graded ethanol 
series. Critical point drying (Samdri PVT-3B, Tousimis Research Corporation, 
Rockville, MA) with liquid CO2 was then performed, followed by coating the tissues 
with gold by ion sputtering JFC-1100E. Finally, the coated tissues were viewed under 
a JEOL-JSM-6010LV scanning electron microscope.  
3.2.1.3 Transmission electron microscopy 
Conventional preparation for tissue viewing under a transmission 
electron microscopy was performed according to the method modified from Lobo-da-
Cunha (2001). Parts of the GI tract (as described above) were fixed with 4% 
paraformaldehyde (Acros Organics), overnight at 4oC. The tissues were washed with 
PBS and then post-fixed with 1% osmiumtetroxide (Electron Microscopy Sciences) in 
PBS at 4oC for 4 hr. The tissues were subsequently dehydrated through a graded ethanol 
series and embedded in Araldite 502 resin (Electron Microscopy Sciences). Semi-thin 
and ultrathin sections were cut. The semi-thin sections were stained with methylene 
blue and the ultra-thin sections were stained with lead citrate and uranyl acetate. The 
ultra-thin sections were examined and photographed using a JEOL-JEM-2010 
transmission electron microscope. 
3.2.2 Study of the presence of mucin-secreting cells in the GI tract  
Paraffin sections from each part of the GI tract were used to study the presence 
of neutral and acidic mucins.  Staining methods were performed according to the 
procedures modified from Mcmanus (1946) and Mowry (1956).  The sections were 
deparaffinized with xylene, rehydrated with graded series of ethanol, and then stained 
with Periodic acid-Schiff (PAS) or alcian blues, pH 1.0 and 2.5 (Sigma Aldrich, St. 
Louis, MO).  Subsequently, nuclei of the cells were stained with hematoxylin (Bio-
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optica)  or nucleus fast red (Sigma Aldrich).  Alcian blue, pH 1.0 is able to detect 
sulfomucins, while alcian blue at pH 2.5 stains sialomucins.  In addition, the sections 
were also counter- stained with alcian blue, pH 2.5 and PAS.  Finally, the stained 
sections were then dehydrated, cleared, mounted, and observed under a light 
microscope. 
 Percentages of mucin-secreting cells from parts of the GI tract were calculated. 
Five sections were selected from each part of the GI tract (esophagus, intestine, and 
rectum). From each section, 10 microscopic fields (each field equaled 0.12 mm2) were 
photographed. Percentages of the mucin-secreting cells were then calculated as 
described below.  
 
 
 
 Percentages of the mucin-secreting cells were compared between parts of the 
GI tract by one- way analysis of variance (ANOVA), followed by a Tukey Post Hoc 
multiple comparison. The probability value less than 0.05 (p˂0.05) was used to indicate 
a significant difference. 
3.2.3 Study of the localization of leptin-like peptide-secreting cells in the 
GI tract using immunoperoxidase method 
Immunoperoxidase technique is a method that uses labeled antibodies to 
localize antigens within a tissue. The antibody is conjugated to an enzyme which will 
catalyze a color-producing reaction. In order to determine the localization of leptin-like 
peptide in the GI of the snails, the method was performed according to a previous study 
(Gambadella et al., 2010). The paraffin sections were deparaffinized, rehydrated, 
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followed by an elimination of endogenous peroxidase and picric acid using 1% 
hydrogen peroxide and 1% lithium carbonate (Sigma Aldrich), respectively. Free 
aldehyde was eliminated by 0.1 M glycine (Acros Organics), and cell membrane was 
broken by 1% Triton X-100 (Fibertech Co., Ltd, Seoul, Korea). Subsequently, the 
sections were placed in citrate buffer (pH 6, Acros Organics) and heated in a microwave 
oven for 10 min, 3 times, for an increasing of the binding between the antigen and the 
antibody. The non-specificity was blocked by emerging the sections in 0.1 M PBS 
containing 4% bovine serum albumin (BSA, Acros Organics) for 1 hr at room 
temperature. The sections were then incubated with rabbit anti-human leptin polyclonal 
antibody (Abcam, Cambridge, MA), at the dilution of 1:100, and left at 4oC, overnight. 
The sections were extensively washed with PBS containing 0.1% Tween-20 (Amresco, 
Solon, OH), twice (10 min, each), followed by incubation with horseradish peroxidase 
(HRP)-conjugated goat anti-rabbit IgG (Invitrogen, Carlsbad, CA) (1:500) for 1 hr at 
room temperature. After extensively washing, the antigen-antibody complex was 
visualized by adding the substrate, 3, 3'-diaminobenzidine (DAB, Vector Laboratories, 
Burlingame, CA). After stopping of the enzyme-substrate reaction, the sections were 
dehydrated, cleared with xylene, mounted using permount, and observed under a light 
microscope. Negative control was performed by omitting the primary antibody. 
3.2.4 Detection of expression of leptin-like peptide in the gastrointestinal 
tract using Western immunoblotting technique 
 Western immunoblotting method was performed according to a previous study 
(Gambadella et al., 2010). Parts of the GI tract (esophagus, stomach, intestine, and 
rectum) were separated, immediately immerged in liquid nitrogen, and then kept at          
-80oC until used. After thawing, cells in each tissue were lysed in lysis buffer (10 mM 
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Tris-HCl, 150 mM NaCl, 0.5% Triton X-100) containing protease inhibitors; 1 mM 
methylenediaminetetraacetic acid (EDTA) and 100 mM phenymethylsulfonyl fluoride 
(PMSF, Sigma Aldrich) using a hand homogenizer. After the homogenization, the 
extracts were centrifuged at 15,000 rpm for 20 min, at 4oC. The supernatants containing 
crude protein were collected, and the protein concentrations were measured using 
Bradford kit (Thermo Scientific). The crude proteins (20 µg, each) and leptin standard 
(positive control, 2 µg,  Biovision,  Mountain  View,  CA) were mixed with loading 
dye, boiled at 95oC for 5 min, and then loaded in sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE; 20 milliamps, constantly). The 
proteins were subsequently transferred to a nitrocellulose membrane (constant at        
100 volts for 1 hr). The membrane was then emerged in 0.1 M PBS containing 5% 
skim-milk (Fluka Analytical, St. Louis, MO), for an elimination of non-specific binding        
(1 hr, at room temperature). Rabbit anti-human leptin (1:1,000, Abcam) was then 
applied to the membrane and incubated overnight at 4oC. After extensively washing 
twice with PBS containing 0.1% Tween-20, HRP-conjugated goat anti-rabbit IgG 
(1:5,000, Invitrogen) was added to the membrane, followed by extensively washing. 
The presence of antigen-antibody complex was visualized by DAB enhanced liquid 
substrate system (Vector Laboratories). Negative control was performed by using pre-
adsorbed primary antibody (50 µg leptin peptide/0.1 ml primary antibody at working 
dilution).  
 Analysis of intensities of leptin-like peptide immunoreactive bands in the parts 
of the GI tract (esophagus, stomach, intestine, and rectum) was conducted using Image 
J software.  A box of 50 × 50 pixels was generated and placed over the immunoreactive 
bands. In each immunoreactive band, 5 areas were randomly selected and the intensities 
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were then analyzed.  The experiments were repeated using tissues from 5 different 
individuals. The intensities were shown as mean ± S.D. The means among groups were 
compared using one- way analysis of variance (ANOVA), followed by a Tukey Post 
Hoc multiple comparison.  The probability value less than 0.05 (p˂0.05)  was used to 
indicate a significant difference. 
3.2.5 Measurement of levels of leptin-like peptide compared between fed 
and fasted snails using enzyme-linked immunosorbent assay 
(ELISA) 
3.2.5.1 Animal grouping 
The snails were divided into 2 groups, fed and fasted groups. In both 
groups, the snails were euthanized at days 0, 5, 10, and 15 (n = 6, each). Result of 
preliminary study (Western immunoblotting) indicated that the highest level of leptin-
like peptide was observed in the esophagus. The whole length of the esophagus was 
then used in ELISA assay. 
3.2.5.2 ELISA assay 
The objective of an ELISA is to determine levels of particular proteins 
presented in samples. Esophagus of fasted and fed animals was collected at days 0, 5, 
10, and 15. After dissection, the tissues were immediately immerged in liquid nitrogen, 
and kept at -80oC until used. Subsequently, crude proteins from the esophagus were 
extracted in lysis buffer containing protease inhibitors; 1 mM EDTA and 100 mM 
PMSF using a hand homogenizer. After the homogenization, the samples were 
centrifuged at 15,000 g for 20 min, at 4oC. The supernatants (crude proteins) were 
collected, and the protein concentrations were measured using Bradford kit (Thermo 
Scientific). ELISA assays were performed according to the method described by 
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Ngernsoungnern et al. (2012). Human leptin (Biovision) was used as the protein 
standard. The standard was serially diluted with ELISA coating buffer (15 mM 
Na2CO3, 35 mM NaHCO3) to the concentrations of 12.5, 6.25, 3.125, and 1.5625 ng/ml. 
The crude proteins were also diluted with ELISA coating buffer to the amount of           
20 µg. The diluted standard and crude proteins were then coated onto an ELISA plate 
in triplicates and left at 4oC, overnight. After that, the plate was washed twice with    
0.01 M PBS containing 0.05% Tween-20 (Amresco), followed by incubating with 
0.25% BSA (Acros Organics) in PBS. The primary antibody, rabbit anti-human leptin 
(1:5,000, Abcam) was applied to the plate and incubated at 37oC for 2 hr. After 
washing, HRP-conjugated goat anti-rabbit IgG (Invitrogen) was added and the plate 
was left at 37oC for 1 hr, followed by washing. Subsequently, 3, 3', 5, 5'-
tetramethylbenzidine (TMB, Thermo Scientific) was added for developing of color. 
The reaction was stopped with 2 M sulfuric acid (H2SO4) and to color was read 
spectrophotometrically at 450 nm. The sensitivity of the assay was 0.125 ng/ml. 
3.2.5.3 Statistical analysis 
Levels of leptin-like peptide were shown as mean ± S.D. from triplicates. 
The means were compared between fasted and fed groups collected at the same day by 
one-way analysis of variance (ANOVA), followed by a Tukey Post Hoc multiple 
comparison. The probability value less than 0.05 (p˂0.05) was used to indicate a 
significant difference. 
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CHAPTER IV 
RESULTS  
 
4.1 Light microscopic study of the gastrointestinal tract  
The gastrointestinal (GI) tract of the snail composed of the esophagus which 
connected the mouth to the stomach (Figure 4.1).  The esophagus situated ventrally to 
the buccal mass and entered the rostral part of the stomach.  Salivary glands were 
situated along the sides of the esophagus. The stomach is embedded within a digestive 
gland. Follow the length of the stomach was the intestine. The distal part of the intestine 
connected to the rectum, and the ended part of the GI tract was the anus.  
 
 
 
Figure 4.1 Gross structure of the GI tract.  The GI tract composed of the esophagus, 
stomach, intestine, and rectum. 
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All parts of the GI tract were lined with simple columnar epithelium with 
microvilli presents on the apical region of the cells (Figure 4.2). All cells were rested 
on the same basement membrane and their nuclei were located at the basal region. In 
the intestine, nuclei of the cells appeared to locate in different levels giving an 
appearance of pseudostratified columnar epithelium. However, all cells were in contact 
with the basement membrane.  
 
. 
 
Figure 4.2 Photographs showing histology of parts of the GI tract. a = esophagus; b = 
stomach; c = intestine; d = rectum; arrows = nuclei; arrowheads = basement membrane; 
CNT = connective tissue; MV = microvilli. Scale bars = 100 µm. 
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Cell˄D software was used as the tool for measuring heights of the epithelial 
cells lining parts of the GI tract. It was shown that the epithelial cells of the intestine 
had the height of 2.00 ± 0.19 µm which was significantly greater (p<0.05) than those 
of the esophagus (0.08 ± 0.05 µm), stomach (1.10 ± 0.06 µm), and rectum (1.00 ± 0.07) 
(Figure 4.3).  
 
 
 
Figure 4.3 Heights of epithelial cells in parts of the GI tract. 
 
4.2 Scanning electron microscopic study of the gastrointestinal tract 
Scanning electron micrographs of the GI tract showed similarities in the 
structures of all parts of the GI tract. In the esophagus, the mucosa consisted of 
numerous mucosal folds (Figure 4.4a). The mucosal surface of the esophagus was lined 
by simple columnar epithelium which inserted with mucous-secreting cells (Figure 
4.4b). The stomach showed similarity in the structure compared to that of the 
esophagus. Large numbers of the mucosal folds were observed in the stomach. 
However, the height of the mucosal folds of the stomach was greater than those of other 
0.80
1.10
2.00
1.00
Esophagus Stomach Intestine Rectum
H
ei
g
h
t 
( 
µ
m
)
Area of GI tract in each part 
Height of epithelial cells (µm)
*
 
 
 
 
 
 
 
 
54 
regions (Figures 4.4c and d). The mucosa of the intestine also covered with simple 
columnar epithelial cells (Figure 4.5a). In the rectum, numerous primary and secondary 
mucosal folds and crypts were observed (Figure 4.5c). The intestine and rectum showed 
the microvilli which covered the apical surface of epithelial layer (Figures 4.5b and d). 
The length of the microvilli was markedly higher in the intestine than those of other 
regions (Figures 4.5b and d). 
 
4. 3 Transmission electron microscopic study of the gastrointestinal 
tract 
Transmission electron micrographs revealed that mucosa of the esophagus was 
lined with simple columnar epithelium (Figure 4.6a). Numerous microvilli were 
covered the apical surface of the epithelial cells (Figure 4.6a and b). Nuclei of the 
epithelial cells contained euchromatins. Mucous-secreting cells were found inserted 
within the epithelial cells (Figure 4.6c). Moreover, collagen fiber and fibrocytes were 
identified in the laminar propia (Figures 4.6a, c and d). 
Mucosa of the intestine also lined with simple columnar epithelium with 
microvilli covered at the apical surface of the cells (Figure 4.7a). Cell nuclei were in 
different levels (Figure 4.7b). Euchromatins were observed within the epithelial cells 
nuclei. Golgi apparatus and rough endoplasmic reticulum were prominence in the 
cytoplasm. Other cell organelles, for example, mitochondria were also identified 
(Figure 4.7c)  
 Epithelial cells of the rectum were also simple columnar with microvilli. 
Mucous-secreting cells were inserted with the epithelial cells (Figure 4.8a). Tight 
junctions and desmosomes were found connected the adjacent epithelial cells, and 
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adherens junctions were observed between the epithelial cells and the mucin-secreting 
cell. The epithelial cells nuclei also contained euchromatins. Numerous lysosomes were 
found in the cytoplasm (Figure 4.8c). 
 
 
Figure 4. 4 Scanning electron micrographs of the mucosa of the esophagus (a and b) 
and stomach (c and d).  a)  Mucosal folds were observed in the esophagus.  b)  Simple 
columnar epithelium of the esophagus was inserted with mucin-secreting cells 
(arrowheads). c)  Mucosal folds of the stomach.  d)  Mucosal folds of the stomach.          
Ep = epithelium; CNT = connective tissue. Scale bars: a and c = 100 µm, b = 10 µm,  
d = 50 µm. 
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Figure 4.5 Scanning electron micrographs of the mucosa of the intestine (a and b) and 
rectum (c and d).  a)  Epithelial cells lined of the intestine were simple columnar 
(arrowhead).  b)  Apical surface of the intestine epithelial cells was covered with 
microvilli (arrowhead).  c)  Mucosal folds of the rectum and the center of the folds 
showed crypts.  d)  Apical surface of the rectum epithelial cells contained microvilli 
(arrowheads).  BM = basement membrane; CNT = connective tissue.  Scale bars:  a, b, 
and d = 10 µm, c = 100 µm. 
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Figure 4.6 Transmission electron micrographs of the mucosa of the esophagus.  BM, 
basement membrane; Col = collagen fiber; F = fibrocyte; G = granule; MG = mucous 
granule; MV = microvilli; N = nucleus. Scale bar: a-c = 2 µm; d = 500 nm. 
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Figure 4. 7 Transmission electron micrographs of the mucosa of the intestine.  Go = 
Golgi apparatus; Ly = lysosome; M = mitochondria; MV = microvilli; N = nucleus; 
rER = rough endoplasmic reticulum. Scale bar = 1 µm. 
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Figure 4. 8 Transmission electron micrographs of the mucosa of the rectum.  AJ = 
adherens junction; BM = basement membrane; Col = collagen fiber; D = desmosomes; 
Ly = lysosome; Mi = mitochondria; MG = mucous granule; MV = microvilli; TJ = tight 
junction; N = nucleus. Scale bars: a = 500 nm; a = 2 µm; a = 1 µm. 
 
 
 
 
 
 
 
 
 
 
 
 
60 
4.4 Presence of mucin-secreting cells in the gastrointestinal tract  
Using periodic acid-Schiff (PAS) staining technique, the result showed that 
neutral mucin- secreting cells were observed throughout the GI tract, except in the 
stomach (Figure 4.9). The neutral mucin-secreting cells were in pear-shaped. The apical 
part of the cells was in contact with the lumen of the GI tract indicating the release of 
mucin substances into the GI tract lumen. 
Alcian blue pH 2.5 staining showed numerous sialomucin-secreting cells in the 
esophagus, intestine, and rectum, but not in the stomach (Figure 4.10). The sialomucin-
secreting cells were also in pear-shaped and their apical regions were in contact with 
the GI tract lumen. 
Alcian blue pH 1.0 was able to stain numerous sulfomucin-secreting cells in the 
esophagus, intestine, and rectum (Figure 4.11). However, no sulfomucin-secreting cell 
was observed in the stomach.  
Counter- staining of PAS and alcian blue, pH 2.5 detected the presence of both 
neutral and acidic mucin-secreting cells (Figure 4.12). The cells were found in all parts 
of the GI tract, except in the stomach.  In addition, the neutral and acidic mucins were 
localized in different cells.  
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Figure 4.9 Photographs showing neutral mucin-secreting cells stained with PAS. 
Asterisks indicate the mucin-secreting cells. a = esophagus; b = stomach; c = intestine; 
d = rectum; arrows = nuclei; arrowheads = basement membrane; CNT = connective 
tissue; MV = microvilli. Scale bars = 100 µm. 
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Figure 4.10 Photographs showing sialomucin-secreting cells stained with alcian blue 
pH 2.5.  Asterisks indicate the mucin-secreting cells.  a = esophagus; b = stomach; c = 
intestine; d = rectum; arrows = nuclei; arrowheads = basement membrane; CNT = 
connective tissue; MV = microvilli. Scale bars = 100 µm. 
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Figure 4.11 Photographs showing sulfomucin-secreting cells stained with alcian blue 
pH 1.0.  Asterisks indicate the mucin-secreting cells.  a = esophagus; b = stomach; c = 
intestine; d = rectum; arrows = nuclei; arrowheads = basement membrane; CNT = 
connective tissue; MV = microvilli. Scale bars = 100 µm.  
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Figure 4.12 Photographs showing mucin-secreting cells in the GI tract.  a = esophagus; 
b = stomach; c = intestine; d = rectum. Asterisks indicate cells stained with PAS and 
rectangles indicate cells stained with alcian blue, pH 2.5. Arrows = nuclei; arrowheads 
= basement membrane; CNT = connective tissue; MV = microvilli. Scale bars =          
100 µm.  
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Percentages of mucin-secreting cells in parts of the GI tract are shown in     
Figure 4.13. Neutral mucin-secreting cells (stained with PAS) were found mostly in the 
intestine (31.00 ± 0.08%), and the percentage was decreased in the esophagus (24.86 ± 
0.08%).  In the rectum, the percentage of neutral mucin-secreting cells was significant 
lower (22.80 ± 0.08%) compared to those of the esophagus and intestine.  Sialomucin 
mucin-secreting cells (stained with alcian blue, pH 2.5), were found mostly in the 
esophagus (26.32 ± 0.10%), medium in the intestine (18.42 ± 0.10%), and significant 
least in the rectum (13.45 ± 0.10%). Moreover, the highest percentage of sulfomucin-
secreting cells (stained with alcian blue, pH 1.0) was observed in the intestine (24.49 ± 
0. 07% ).  Percentages of sulfomucin- secreting cells in the esophagus and rectum were 
17.96 ± 0.07% and 16.71 ± 0.07%, respectively, which were not significantly different 
from that of the intestine.  
 
 
 
Figure 4.13 Percentages of mucin-secreting cells in parts of the GI tract. Different letter 
indicates a significant difference between groups.    
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4. 5 Localization of leptin-like peptide immunoreactive cells in the 
gastrointestinal tract 
 Immunohistochemical study revealed leptin-like peptide immunoreactive cells 
in all parts of the snail GI tract (Figure 4.14).  The immunoreactive cells were most 
numerous in the esophagus (Figure 4.14a), but were least in the stomach (Figure 4.14b). 
Medium immunoreactive cells were detected in the intestine (Figure 4.14c) and rectum 
(Figure 4.14d). The immunoreaction was observed elongate in some epithelial cells of 
the esophagus, intestine, and rectum. The apical surfaces of these immunoreactive cells 
were in contact with the lumen of the GI tract.  In contrast, the immunoreaction was 
found only at the basal region of the some epithelial cells of the stomach and rectum. 
In negative control, there was no immunoreactivity was observed when the primary 
antibody was omitted from the staining procedure (Figure 4.14e). 
 
4. 6 Expression of leptin-like peptide in parts of the gastrointestinal 
tract 
Expression of leptin-like peptide in parts of the GI tract was identified using 
Western immunoblotting. Leptin-like peptide was expressed in all parts of the GI tract 
(Figure 4.15).  Molecular weights of the leptin-like peptides were at ∼16 kDa which 
were the same as that of the molecular weight of leptin peptide which used as the 
positive control. No immunoreactive peptide band was detected in the negative control 
(data not shown). 
Analysis of immunoreactive band intensities revealed that the highest intensity 
was observed in the esophagus (132. 37 ± 3. 44 arbitrary units (AU)) which was 
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significantly higher (p<0. 05) than those of the intestine (107. 47 ± 4. 5 AU), stomach 
(89.10 ± 2.98 AU), and rectum (86.44 ± 2.99 AU) (Figure 4.16).  
 
 
 
Figure 4.14 Leptin-like peptide immunoreactive cells in parts of the GI tract; 
esophagus (a), stomach (b), intestine (c) and rectum (d).  Negative control showed no 
immunoreactivity (e). Scale Bars = 100 µm. 
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Figure 4.15 Expression of leptin-like peptide in parts of the GI tract. MW = Molecular 
weight marker; Lane 1 = positive control; Lane 2 = esophagus; Lane 3 = stomach; Lane 
4 = intestine; Lane 5 = rectum.  
 
  
 
Figure 4.16 Intensities of leptin-like peptide immunoreactive bands in parts of the GI 
tract. Different letter indicates a significant difference between groups.   
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4. 7 Levels of leptin-like peptide compared between fed and fasted 
groups 
To determine whether levels of leptin-like peptide are related to feeding 
conditions of the snails, ELISA assay was conducted.  At day 0, levels of leptin-like 
peptide were similar in fed and fasted groups (2.26 ± 0.52 and 2.26 ± 0.52 ng/0.1 ml, 
respectively) (Figure 4.17). In contrast, at day 5, level of leptin-like peptide of the fasted 
group was significantly decreased (0.28 ± 0.19 ng/0.1 ml) compared to the level of the 
fed group (2.17 ± 0.53 ng/0.1 ml).  Similarly, at day 10, level of leptin-like peptide of 
the fasted group was significantly reduced when compared to that of the fed group      
(0. 3 ± 0. 13 and 2. 12 ± 0. 49 ng/0. 1 ml, respectively).  However, levels of leptin-like 
peptide in fed and fasted groups were come back to be similar at day 15 (2. 05 ± 0. 68 
and 2.06 ± 0.79 ng/0.1 ml, respectively).  
 
 
 
Figure 4.17 Levels of leptin-like peptide of fed and fasted groups. Data is presented as 
mean ± S.D. Asterisk indicates a significant difference compared to the control.
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CHAPTER V 
DISCUSSION AND CONCLUSION 
 
5.1 Gross structure of the gastrointestinal tract 
In the present study, gross structure of the GI tract of P. canaliculata was 
examined. The snail GI tract composed of esophagus, stomach, intestine and rectum. 
This is similar to the structure of the GI tract of other gastropods. A study in a limpet, 
Megathura crenulata, indicated that its GI tract composed of the esophagus leading 
from the mouth to the stomach followed by a long intestine which connected to the 
rectum. The rectum ended at the anus (Martin et al., 2010). It was found that the 
stomach of P. canaliculata was embedded in the digestive gland. Similarly, the stomach 
of Bulla striata was also embedded in the digestive gland, but its esophagus was located 
between the buccal mass and gizzard. However, the gizzard was not found in                    
P. canaliculata (Lobo-da-Cunha et al., 2010; Lobo-da-Cunha et al., 2011).  
In P. canaliculata, no apparent crop. However, the crop was found in some 
gastropods, such as, a garden snail (Helix aspersa) (Charrier and Rouland, 2001), a sea 
hare (Aplysia depilans) (Lobo-da-Cunha and Batista-Pinto, 2005), and a land snail 
(Achatina fulica) (Cardoso et al., 2012).  This indicates some differences among the 
structure of the GI tract of gastropods. It was reported in A. depilans that the crop 
consisted of a wide lumen which was used to support the food ingestion.  
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5.2 Microstructure and ultrastructure of the gastrointestinal tract 
In P. canaliculata, all parts of the GI tract were lined with simple columnar 
epithelium with microvilli presented on the apical region of the cells. All cells were 
rested on the same basement membrane and their nuclei were located at the basal 
region. Similarly, the stomach, intestine, and rectum of M. crenulata were also lined 
with simple columnar epithelium with microvilli (Martin et al., 2010). The epithelium 
of the esophagus, crop, and intestine of A. depilans consisted of a single layer of 
columnar cells with apical microvilli, and some of them also possessed cilia (Lobo-da-
Cunha and Batista-Pinto, 2005; Martin et al., 2010). In addition, in B. striata, 
epithelium covered the ridges of the esophagus and those of the stomach and intestine 
were also ciliated columnar epithelium. The apical surface of the columnar epithelial 
cells was covered with microvilli which embedded in a thick cuticle made of finely 
granular material (Lobo-da-Cunha et al., 2010; Lobo-da-Cunha et al., 2011).  
Scanning electron micrographs showed a large number of mucosal folds of the 
stomach and the height of the folds was greatest than those of other regions.  In the 
rectum, there were primary and secondary folds.  This might relate to the increasing in 
surface area of the stomach and rectum.  A study by scanning electron microscopy in 
M.  crenulata reported that the stomach also showed major and minor ridges, and 
numerous ridges were found in the rectum (Martin et al., 2010). 
Transmission electron micrographs showed numbers of Golgi apparatus and 
rough endoplasmic reticulum in the cytoplasm of the intestinal epithelial cells.  This 
indicates the high level of protein synthesis in the epithelial cells of the intestine. Tight 
junctions were found in the rectum. This could be related to the protection property of 
the rectal epithelial cells.  Moreover, desmosomes and adherens junctions were also 
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found in the rectum indicating the communications between adjacent cells.  A study in 
B.  striata reported that mitochondria, several vesicles, and multivesicular bodies were 
presented in the apical region of the epithelial cells.  In addition, the flask-shaped 
subepithelial secretory cells which were inserted in the connective tissue consisted of 
the cytoplasm filled with electron-lucent secretory vesicles and Golgi stacks.  Some of 
these cells contained many rough endoplasmic reticulum cisternae (Lobo- da- Cunha     
et al., 2010).  Golgi stacks were formed by a large number of flat cisternae, mainly 
located around the nuclei (Lobo- da- Cunha et al., 2011).  Large numbers of spherical 
secretory vesicles containing electron- dense material were also found in the intestine. 
These vesicles were very abundant in the cytoplasm above the nuclei (Lobo-da-Cunha 
et al., 2011).  The presence of the organelles mentioned above indicates the secretory 
property of the epithelial cells. 
 
5.3 Mucin-secreting cells in the gastrointestinal tract 
Mucins are classified according to their ability to form a gel, namely gel 
forming (secreted) or non-gel-forming (membrane-bound) mucins (Devine and 
McKenzie, 1992).  Mucins are also classified into neutral or acid mucins, according to 
the net charge of the molecule.  Acid mucins are further differentiated based on their 
histochemical properties into sulfate-containing mucins (sulfomucins) and sialicacid-
containing mucins (sialomucins) (Filipe, 1979).  In the present study, mucin-secreting 
cells were found throughout the GI tract of P.  canaliculata, but not in the stomach. 
Neutral mucin and sulfomucin-secreting cells were found mostly in the intestine, 
whereas sialomucin-secreting cells were mostly identified in the esophagus. Cells that 
secrete mucins were found in the GI tract of various gastropods, for example, Marisa 
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cornuarietis (Demian and Michelson, 1971), Bulinus africanus (Brackenbury, 1999), 
A. depilans (Lobo-da-Cunha and Batista-Pinto, 2005), and M. crenulata (Martin et al., 
2010).  This suggests that the secretory processes concerning with digestion occurs in 
most regions of the GI tract of gastropods.  
Both neutral and acidic mucins were observed in parts of the GI tract of                
P.  canaliculata.  In a common limpet (Patella vulgate), nine types of mucin-secreting 
cells were found by a characterization by PAS, alcian blue pH 2.5, and alcian blue,     
pH 1.0.  Four cell types were found to secrete neutral and acidic, sulfated mucins 
(Grenon and Walker, 1978).  It was reported that neutral mucins were found in the 
stomach and duodenum, whereas acid mucins were distributed throughout the GI tract 
(Awad and Abdul Raheem, 2014).  Neutral mucins are known to help for reducing the 
pH and toxicity of substances that pass through the GI tract, whereas acidic mucins 
contain chelating agents and have antibacterial and antiviral properties (Nikumbh et al., 
2012).   Moreover, it is known that mucous cells are important in the physical and 
immunological protections against invasive microorganisms in mostly carnivorous 
freshwater species.  Other functions of mucins in the GI tract are known, such as 
lubrication, absorption, digestion, controlling of infection and colonization of the 
dangerous or opportunistic microorganisms (Leknes, 2011; Zaccone et al., 1989; 
Loretz, 1995; Domeneghini et al., 2005).  The mucin oligosaccharides in the mucous 
gel represent a direct source of peptides, carbohydrates, and nutrients that allow the 
colonization of bacteria in the mucous layer of the GI tracts (Deplancke and Gaskins, 
2001). The distribution of the GI mucins can differ according to the number of secreting 
cells, cell type, anatomical region, pathological condition and species (Scillitani et al., 
2007). 
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Mucins have become an important element in the study of the GI tract 
physiology, pathology and even taxonomy (Scillitani et al., 2007; Cao and Wang, 
2009). The different types of mucins (neutral, sulfomucins, and sialomucins) have also 
been implicated in the colonization of the GI tract. The mucin oligosaccharides provide 
a source of carbohydrates and peptides which can supply bacteria with the necessary 
nutrients to improve colonization.  In addition, mucins may function as epitopes with 
which bacteria can interact to colonize the mucosal layer (Deplancke and Gaskins, 
2001). 
Result of the present study showed that no mucin-secreting cell was identified 
in the stomach. However, the microvilli of the epithelial cells of the stomach were 
stained with PAS.  This indicates the presence of neutral mucin that covered the inner 
wall of the stomach.  Because there was no mucin-secreting cell found in the stomach, 
the mucin covered that inner wall of the stomach could be transferred from the 
esophagus to the stomach during the passage of food. 
 
5. 4 Leptin-like peptide immunoreactive cells in the gastrointestinal 
tract 
The present study is the first report for the presence of leptin-like peptide in the 
GI tract of gastropod species.  Leptin is a peptide which was currently reported to be 
synthesized mostly by adipocytes. Leptin can also be found in other organs, such as the 
brain and placenta. In the present study, leptin-like peptide immunoreactive cells were 
identified in the esophagus, stomach, intestine, and rectum.  Similarly, leptin 
immunoreactivity was found to be scattered in stomach cell of non-mammalian 
vertebrate species, for example trout, frog, lizard, and snake.  Leptin immunolabeling 
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was also identified in oxyntic glands of frog and reptilian species. Immunoreactivity of 
leptin was found to be scattered in endocrine cells of a lizard, and in the myenteric 
plexus of trout, as well as frogs and snakes (Muruzabal et al., 2002).  Previous studies 
found leptin immunoreactive cells in the pepsinogen-secreting chief cells of humans’ 
stomach (Bado et al., 1998; Sobhani et al., 2000) and gastric fundic mucosa of rats 
(Buyse et al., 2004; Cammisotto et al., 2005). These studies suggested that leptin was 
secreted by chief cell after the onset of food intake in according to the short-term 
controlling of food intake (Cammisotto et al., 2005).  It also be hypothesized for the 
presence of leptin immunoreactive cells in oxintopeptic cells that could be related to 
the stimulation of mucus secretion for anti-acid gastrointestinal protection (Plaisancie 
et al., 2006). A previous study in the Chinese mitten crab (Eriocheir sinensis) reported 
the presence of leptin receptor.  Expression of the leptin receptor was highest in the 
intestine of mature crabs, indicating that a role of leptin in nutrient absorption (Jiang    
et al., 2010).  The function of leptin is related to the GI tract function.  It is suggested 
that direct leptin signaling in the intestine may be involved in the regulation of nutrient 
absorption. Leptin is also able to decrease feeding (Buyse et al., 2001).  
 
5.5 Expression of leptin-like peptide in the gastrointestinal tract 
 The molecular weight of leptin-like peptide in all parts of the GI tract was at    
16 kDa which was corresponded to that of the synthetic human leptin peptide. This 
suggests that the leptin-like peptide in P. canaliculata could be structurally similar to 
that of the human leptin peptide. The molecular weight of the leptin-like peptide was 
also corresponded to those reported in the previous studies. In Scyliorhinus canicula, a 
cartilaginous fish, leptin immuno-reactive band observed in the gastric pit was also at 
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16 kDa (Gambardella et al., 2010). Similarly, leptin detected in the GI tract of a chicken 
had the molecular weight of 16 kDa (Neglia et al., 2007). In the juvenile sea bass 
(Dicentrarchus labrax), Western blot analysis showed a leptin-like molecule with the 
molecular weight of 16 kDa (Gambardella et al., 2010). Moreover, in the rainbow trout 
(Oncorhynchus mykiss), leptin determined by western blot analysis shows a single band 
at 16 kDa (Kling et al., 2009). 
In P. canaliculata, high expressions of the leptin-like peptide were detected in 
the esophagus and intestine. In contrast, the expressions of the leptin-like peptide were 
lower in the rectum and were least in the stomach. This result was related to the result 
of the immunoperoxidase which showed the highest number of leptin-like peptide 
immunoreactive cells in the esophagus, and the least number of the immunoreactive 
cells was detected in the stomach. 
 
5. 6 Levels of leptin-like peptide compared between fasted and fed 
snails 
  Levels of leptin-like peptide of the fasted groups were significantly lower 
compared to those of the fed group at days 5 and 10.  In green sunfish, plasma leptin 
was also reduced by 2 weeks fasting (Johnson et al., 2000). It is now known that leptin 
can decrease feeding (Buyse et al., 2001).  In the fed group, the high level of leptin 
could be related to the adiposity signal and the suppression of ghrelin level which 
increased food intake (Gil-Campos et al., 2010).  After food intake, increasing level of 
lipids in adipocytes and therefore increased the size of these cells leads to the secretion 
of the leptin which subsequently binds to the receptors in the hypothalamic arcuate 
nucleus (ARC). The association with the receptors leads to inhibition of both 
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neuropeptide Y (NPY) and agouti-related protein (AGRP) which are appetite 
stimulating factors.  This may trigger the stopping of eating and the feeling of satiety 
(Linjawi and Hussain, 2012). It was reported that leptin treatment might inhibit 
melanocyte-stimulating hormone that decreased the release of AGRP (Breen et al., 
2005).  Peripheral injections of murine leptin decreased food intake and also increased 
metabolic rates in lizards (Niewiarowski et al., 2000). It is also known that leptin mainly 
involves in the GI function, for example, GI tract motility and nutrient absorption. It is 
assumed that direct leptin signaling in the intestine may be involved in the regulation 
of nutrient absorption and intestine motility (Buyse et al., 2001). 
The result of the present study revealed that level of leptin-like peptide in the 
fasted group at day 15 increased to a similar level compared to that of the control group. 
Similarly, the plasma leptin level of the rainbow trout was higher than those of the fed 
group in week 3 (Kling et al., 2009). Leptin level increase and falls in direct proportion 
to energy stores at all levels of adiposity. It is well known that the main site of leptin 
synthesis is adipocytes (Zhang et al., 1994). The re-increasing of the leptin-like peptide 
during day 15 could come from adipolysis from the snail body or visceral organs. This 
could be related to the controlling of the body into a state of hibernation (Myers et al., 
2008). 
In conclusion, we demonstrate that the microstructure and ultrastructure of the 
mucosa of the snail GI tract was similar to those of other gastropod species. Three types 
of mucin-secreting cells were found scattered within the epithelial cells lining the GI 
tract.  Leptin-like peptide was identified in parts the GI tract of P. canaliculata. 
Moreover, level of the leptin-like peptide was decreased in fasted snails.  This finding 
could provide a basic knowledge on the structure of the snail GI tract and its 
endocrinology related to the feeding control. 
 
 
 
 
 
 
 
 
78 
 
 
 
 
 
 
 
 
 
 
REFERENCES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
79 
   
 
REFERENCES 
 
Ahima, R. S., and Osei, S. Y. (2004). Leptin signalling. Physiology and Behavior. 81: 
223-241.  
Ahren, B., Simonsson, E., Larsson, H., Landin- Olsson, M., Torgeirsson, H., and 
Jansson, P. A. (2002). Inhibition of Dipeptidyl Peptidase IV improves metabolic 
control over a 4- week study period in type 2 diabetes.  American Diabetes 
Association Journals. 25: 875-869. 
Aja, S., Sahandy, S., Ladenheim, E.  E., Schwartz, G.  J., and Moran, T.  H. (2001).   
Intracerebroventricular CART peptide reduces food intake and alters motor 
behavior at a hindbrain site.  American Journal of Physiology Regulatory, 
Integrative and Comparative Physiology. 281: 1862-1867. 
Alger, B. E. (2004). Endocannabinoids: getting the message across. Proceedings of the 
National. Academy of Sciences of the United States of America. 101: 3-8512. 
Andrews, E. B. (1965). The functional anatomy of the gut of the prosobranch gastropod 
Pomacea canaliculata and of some other pilids. Proceedings of the Zoological 
Society of London. 145: 19-36. 
Andrews, E.  B.  (1991).  The fine structure and function of the salivary glands of 
Nucellalapillus (Gastropoda:  Muricidae).  Journal of Molluscan Studies.  57: 
111-126. 
Argyropoulos, G., Rankinen, T., Neufeld, D. R., Rice, T., Province, M. A., and Leon, 
A. S. (2002). A polymorphism in the human agouti-related protein is associated 
 
 
 
 
 
 
 
 
80 
 
 
with late-onset obesity. The Journal of Clinical Endocrinology and 
Metabolism. 87: 202-4198. 
Awad, E., and Raheem, A. E. M. (2014). Demonstration of Mucins in gastrointestinal 
tract carcinoma lesions in Sudanese patients.  International Journal of Pure 
and Applied Sciences and Technology. 21: 28-31. 
Bado, A., Levasseur, S., Attoub.  S., Kermorgant, S., Laianeau, L.  P., Bortoluzzi, M. 
N., Moizo, L., Lwhy, T., Guerre- millo, M., Le Marchand- Brustel, Y., and 
Lewin, M. J. (1998). The stomach is a source of leptin. Nature. 394: 790-793. 
Batterham, R. L., Cohen, M. A., Ellis, S. M., Le Roux, C. W., Withers, D. J., and Frost, 
G. S. (2003). Inhibition of food intake in obese subjects’ by peptide YY (3-36). 
The New England Journal of Medicine. 349: 8-941. 
Bays, H.  E.  (2004). Current and investigational antiobesity agents and obesity 
therapeutic treatment targets.  Obesity Research and Clinical Practice.  12: 
211-1197. 
Boonzaier, J., Elizabeth, L.  V.  M., Bennett, N.  C., and Kotze, S.  H.  (2013).  A 
comparative histochemical study of the distribution of mucins in the 
gastrointestinal tracts of three insectivorous mammals. Acta Histochemica. 
115: 549-556. 
Brackenbury, T.  D.  (19990).  Gross histopathological effects of an extract of Agave 
attenuata on the epithelium of the digestive tract of Bulinus africanus.  Annals 
of Tropical and Parasitology. 93: 26-516. 
Bray, G. A.  (2002).  3rd plenary session on “signalling in body- weight homeostasis” 
afferent signals regulating food intake. Proceedings of the Nutrition Society. 
59: 373-384. 
 
 
 
 
 
 
 
 
81 
 
 
Bray, G. M. (2006). Exenatide. American Journal of Health-System Pharmacy. 63: 
8-411. 
Bray, G. A., and York, D. A. (1972). Studies on food intake of genetically obese rats. 
American Journal of Physiology. 223: 176-179. 
Breen, T. L., Conwell, I. M., and Wardlaw, S. L. (2005). Effects of fasting, leptin, and 
insulin on AGRP and POMC peptide release in the hypothalamus. Brain 
Research. 1032: 141-148. 
Bronson, C. H. (2002). Apple Snails Pomacea canaliculata: Tropical and Subtropical 
Agricultural Pest. 3. 
Brough, C. N., and White, K. N. (1990). Functional morphology of the rectum in the 
marinegastropod Littorina saxatilis (Olivi) (Prosobranchia:  Littorinoidea). 
Journal of Molluscan Studies. 56: 97-108. 
Brunetti, L., Michelotto, B., Orlando, G., and Vacca, M. (1999). Leptin inhibits 
norepinephrine and dopamine release from rat hypothalamic neuronal endings. 
European Journal of Pharmacology. 372: 40-237. 
Buyse, M., Mado, A., and Dauge, V.  (2001).  Leptin decrease feeding and exploratory 
behavior via interactions with CCK1 recepter in the rat. Neuropharmacology. 
40: 25-818. 
Buyse, M., Aparicio, T., Guilmeau, S., Goiot, H., Sobhani, I., and Bado, A. (2004). 
Paracrine actions of the stomach-derived leptin. Medecine Sciences. 20: 183-
188. 
Cammisotto, P.  G., Renaud, C., Gingras, D., Delvin, E., Levy, E., and Bendayan, M. 
(2005). Endocrine and exocrine secretion of leptin by the gastric mucosa. 
Journal of Histochemistry and Cytochemistry. 53: 851-860. 
 
 
 
 
 
 
 
 
82 
 
 
Cao, X.  J., and Wang, W.  M.  (2009).  Histology and mucin histochemistry of the 
digestive tract of yellow catfish, Pelteobagrus fulvidraco. Anatomia, 
Histologia, Embryologia. 38: 61-254. 
Cardoso, A. M., Cavalcante, J. J., Cantao, M. E., Thompson, C. E., Flatschart, R. B., 
Glogauer, A., Scapin, S. M., Sade, Y. B., Beltrao, P. J., Gerber, A. L., Martins, 
O.  B., Garcia, E. S., De Souza, W., and Vasconcelos, A.  T. (2012). 
Metagenomic analysis of the microbiota from the crop of an invasive snail 
reveals a rich reservoir of novel genes. PLoS One. 7: 48505. 
Cavagnini, F., Magella, A., Danesi, L., De Paolis, C., Farina, R., and Alberetto, M. 
(1987).  Ineffectiveness of ceruletide to reduce food intake and body weight in 
obese women hospitalized for weight reduction and treated with a restricted 
diet. A double-blind study. Journal of Peptide Science. 8: 9-455. 
Cangiano, C., Ceci, F., Cascino, A., Del Ben, M., Laviano, A., Muscaritoli, M., 
Antonucci, F., and Rossi-Fanelli, F.  (1992).  Eating behavior and adherence to 
dietary prescriptions in obese adult subjects treated with 5-hydroxytryptophan. 
American Journal of Clinical Nutrition. 56: 863-867. 
 Charrier, M., and Rouland, C. (2001). Mannan-degrading enzymes purified from the 
crop of the brown garden snail Helix aspersa Muller (Gastropoda Pulmonata). 
Journal of Experimental Zoology. 290: 125-35. 
Considine, R. V., Sinha, M. K., Heiman, M. L., Kriauciunas, A., Stephens, T. W., and  
 Nyce, M. R.  (1996).  Serum immunoreactive- leptinconcentrations in normal-
weight and obese humans.  The New England Journal of Medicine.  334:  5-
292. 
Corfield, A.  P. , and Shukla, A.  K.  (2003).  Mucins:  vital components of the mucosal 
defensive barrier. American Genomic Proteomic Technol.  3: 2-20. 
 
 
 
 
 
 
 
 
83 
 
 
Delparigi, A., Tschop, M., Heiman, M. L., Salbe, A. D., Vozarova, B., and Sell, S. M. 
(2002). High circulating ghrelin: a potential cause for hyperphagia and obesity 
in Prader-Willi syndrome. The Journal of Clinical Endocrinology and 
Metabolism. 87: 4-5461. 
Demian, E. S., and Michelson, E. H. (1971). Histochemistry of the epithelial mucins in 
the alimentary tract of the snail Marisa cornuarietis.  Journal of Morphology. 
135: 46-213. 
De Pedro, N., Martinez, R., and Delgado, M.  J.  (2006).  Acute and chronic leptin 
reduces food intake and body weight in goldfish (Carassius auratus).  Journal 
of Clinical Endocrinology and Metabolism. 188: 513-520. 
Deplancke, B., and Gaskins, H.  R.  (2001).  Microbial modulation of innate defense: 
goblet cells and the intestinal mucus layer. The American Journal of Clinical 
Nutrition. 73: 41-1131. 
Devine, P. L., and McKenzie, I. F. (1992). Mucins: structure, function, and associations 
with malignancy. Bio Essays Journal. 14: 25-619. 
Dreon, M.  S., Ituarte, S., and Heras, H.  (2010).  The role of the proteinase inhibitor 
ovorubin in apple snail eggs resembles plant embryo defense against predation. 
Open Access Peer-Reviewed Scientific Journal. 5: 12. 
Ehrstrom, M., Gustafsson, T., Finn, A., Kirchgessner, A., Gryback, P., and Jacobson, 
H. (2005). Inhibitory effect of exogenous orexin A on gastric emptying, plasma 
leptin, and the distribution of orexin and orexin receptors in the gut and pancreas 
in man. The Journal of Clinical Endocrinology and Metabolism. 90: 7-2370. 
Elena, V., Massimo, S., and Francesco, C.  (2008).  Neuroendocrine control of food 
intake nutrition. Metabolism and Cardiovascular Diseases. 18: 158-168. 
 
 
 
 
 
 
 
 
84 
 
 
English, P. J., Ghatei, M. A., Malik, I. A., Bloom, S. R., and Wilding, J. P. H. (2002). 
Food fails to suppress ghrelin levels in obese humans. The Journal of Clinical 
Endocrinology and Metabolism. 87: 2984-2987. 
Engeli, S., Bohnke, J., Feldpausch, M., Gorzelniak, K., Janke, J., and Batkai, S. (2005). 
Activation of the peripheral endocannabinoid system in human obesity. 
American Diabetes Association Journals. 54: 43-2838. 
Estebenet, A.  L., and Cazzaniga, N.  J.  (1998). Sex related differential growth in 
Pomacea canaliculata (Gastropoda:  Ampullariidae).  Journal of Molluscan 
Studies. 64: 119-123. 
Farooqi, I.  S., Keogh, J.  M., Yeo, G.  S., Lank, E.  J., Cheetham, T., and Rahilly, S. 
(2003). Clinical spectrum of obesity and mutations in the melanocortin 4 
receptor gene. The New England Journal of Medicine. 348: 1085-1095. 
Filipe, M.  I.  (1979).  Mucins in the human gastrointestinal epithelium:  a review. 
Investigative Cell Pathology. 2(3): 195-216. 
Flint, A., Raben, A., Astrup, A., and Holst, J.  J.  (1998). Glucagon- like peptide 1 
promotes satiety and suppresses energy intake in humans. Journal of Clinical 
Investigation. 101: 515-520. 
Forstner, J., and Forstner, G.  (1994).  Gastrointestinal mucus.  In L. Johnson (ed.). 
Physiology of the gastrointestinal tract. (3rd ed., pp. 83- 1255).  New York: 
Raven Press. 
Fretter, V., and Graham, A. (1962). British prosobranch mollusks, activity of digestive 
enzymes along the gut of juvenile red abalone, Haliotis rufescens, Feeds for 
Aquaculture. 261: 615-625. 
Friedman, J. M., and Halaas, J. L. (1998). Leptin and the regulation of body weight in 
mammals. Journal of Nature. 395. 
 
 
 
 
 
 
 
 
85 
 
 
Gambardella, C., Gallus, L., Ravera, S., Fasulo, S., Vacchi, M., and Ferrando, S. 
(2010).  First evidence of a leptin-like peptide in a cartilaginous fish.  The 
Anatomical Record. 293: 1692-1697. 
Gambill, N., and Kanarek, R.  R.  (1982).  Differential effects of amphetamine and 
fenfluramine on dietary self-selection in rats. Pharmacology. 16: 303-309. 
Geary, N. (1990). Pancreatic glucagon signals postprandial satiety. Neuroscience and 
Biobehavioral Reviews. 14: 323-338. 
Geary, N., Kissilef, H. R., Pi-Sunyer, F. X., and Hinton, V. (1992).  Individual, but not 
simultaneous, glucagon and cholecystokinin infusions inhibit feeding in men. 
American Journal of Physiology. 262: 975-980. 
Geary, N. (2004). Endocrine controls of eating: CCK, leptin, and ghrelin. Physiology 
and Behavior Journal. 81: 719-733.  
Geary, N., and Smith, G.  (1983). Selective hepatic vagotomy blocks pancreatic 
glucagon’s satiety effect. Physiology and Behavior. 31: 391-394. 
Gendler, S.  J., and Spicer, A.  P.  (1995).  Epithelial mucin genes.  Annual Reviews of 
Physiology. 57: 607-634. 
Gettens, T., Moore, B. J., Stern, J. S., and Horwitz, B. A. (1989). Prolactin stimulates 
food intake in the absence of ovarian progesterone. American Journal of 
Physiology. 256: 701-706. 
Gil- Campos, M., Aguilera, C.  M., Ramirez- Tortosa, M. C., Canete, R., and Gil, A. 
(2010).  Fasting and postprandial relationships among plasma leptin, ghrelin, 
and insulin in prepubertal obese children. Clinical Nutrition. 29: 54-59. 
Gorissen, M., Bernier, N. J., Nabuurs, S. B., Flik, G., and Huising, M. O. (2009). Two 
divergentleptin paralogues in zebrafish (Danio rerio) that originate early in 
teleostean evolution. Journal of Endocrinology. 201: 329-339. 
 
 
 
 
 
 
 
 
86 
 
 
Graham, A.  (1949).  The molluscan stomach.  Transactions of the Royal Society of 
Edinburgh Earth Sciences. 61: 737-778. 
Grenon, J.  F., and Walker, G.  (1978).  The histology and histochemistry of the pedal 
glandularsystem of two limpets Patella vulgata and Acmaea tessulata 
(Gastropoda:  Prosobranchia).  Journal of the Marine Biological Association 
of the UK. 58: 803-816. 
Grenon, J.  F., and Walker, G.  (1980).  Biochemical and rheological properties of the 
pedal mucus of the limpet Patella vulgata L. Comparative Biochemistry and 
Physiology. 66: 451-458. 
Gutzwiller, J. P., Drewe, J., Ketterer, S., Hildebrand, P., Krauthem, A., and Beglinger, 
C. (2001). Interaction between CCK and a preload on reduction of food intake 
is mediated by CCK-A receptors in humans. American Journal of Physiology. 
Regulatory, Integrative and Comparative Physiology. 279: 89-95. 
Halaas, J. L., Gajiwala, K., Maffei, M., Cohen, S., Chait, B. T., Rabinowitz, D., Lallone, 
R., Burley, S., and Friedman, J.  M.  (1995).  Weight- reducing effects of the 
plasma protein encoded by the obese gene. Science. 269: 543-546. 
Halem, H. A., Taylor, J. E., Dong, J. Z., Shen, Y., Datta, R., and Abizaid, A. (2005). A 
novel growth hormone secretagogue-1a receptor antagonist that blocks ghrelin-
induced growth hormone secretion but induces increased body weight gain. 
Neuroendocrinology. 81: 339-349. 
Hansen, M. J., Schioth, H.  B., and Morris, M.  J.  (2005). Feeding responses to a 
melanocortin agonist and antagonist in obesity induced by a palatable high- fat 
diet. Brain Research. 1039: 45-137. 
Harrold, J. A., Williams, G., and Widdowson, P. S. (1999). Changes in hypothalamic 
agouti- related protein (AGRP), but not alpha- MSH or pro- opiomelanocortin 
 
 
 
 
 
 
 
 
87 
 
 
concentrations in dietary- obese and food- restricted rats.  Biochemical and 
Biophysical Research Communications. 258: 7-574. 
Hayes, K.  A., Joshi, R.  C., Thiengo, S.  C., and Cowie, R.  H.  (2008).  Out of South 
America:  multiple origins of non- native apple snails in Asia.  Diversity and 
Distributions. 14: 701-712. 
Heymsfield, S. B., Greenberg, A. S., Fujioka, K., Russel, M. D., Kushner, R., and Hunt, 
T.  (1999). Recombinant leptin for weight loss in obese and lean adults.  A 
randomized, controlled, dose- escalation trial.  The Journal of the American 
Medical Association. 282: 1568-1575. 
Howells, R. G. (2003). Channeled apple snail Pomacea canaliculata.  Releases threaten 
U.S. Agriculture and Aquatic Environments. 5: 1.  
Hui, J., Fei, R., Jiangling, S., Lin, H., Weiwei, L., Yannan, X., and Wang, Q.  (2010). 
Molecular cloning and gene expression analysis of the leptin receptor in the 
Chinese mitten crab Eriocheir sinensis. Peer-Reviewed Scientific Journal. 5. 
Huising, M.  O., Geven, E.  J.  W., Kruiswijk, C.  P., Nabuurs, S.  B., Stolte, E.  H., 
Spanings, F.  A.  T., Kemenade, B.  M.  L.  V., and Flik, G.  (2006).  Increased 
leptin expression in common carp (Cyprinus carpio) after food intake but not 
after fasting or feeding to satiation, Journal of Clinical Endocrinology and 
Metabolism. 147: 5786-5797. 
Illingsworth, J.  F.  (1902).  The anatomy of Lucapina crenulata Gray.  Zoologische 
Jahrbucher. Abteilung for Allgemeine Zoologie. 16: 449-480. 
Ioffe, E., Moon, B., Connolly, E., and Friedman, J. M. (1998). Abnormal regulation of 
the leptin gene in the pathogenesis of obesity.  Proceedings of the National 
Academy of Sciences of the United States of America. 95: 11852-11857. 
 
 
 
 
 
 
 
 
88 
 
 
Iskratsch, T., Braun, A., Paschinger, K., and Wilson, I.  B.  H.  (2009).  Specificity 
analysis of lectins and antibodies using remodeled glycoproteins. Analytical 
Biochemistry. 386: 133-146. 
Jiang, H., Yin, Y., Zhang, X., Hu, S., and Wang, Q.  (2009).  Chasing relationships 
betweennutrition and reproduction:  A comparative transcriptome analysis of 
hepatopancreas and testis from Eriocheir sinensis. Comparative Biochemistry 
and Physiology Part D. 4: 227-234. 
Johnson, R.  M., Johnson, T.  M., and Londraville, R.  L.  (2000).  Evidence for leptin 
expression in fishes. Journal of Experimental Zoology. 286: 718-724.  
Kasacka, I., Arciszewski, M., and Lebkowski, W.  (2013).  Extraordinary level of 
hormone and number of ghrelin cells in the stomach and duodenum of an obese 
woman. Acta Histochemica. 5. 
Katsuki, A., Sumida, Y., Gabazza, E.  C., Murashima, S., Tanaka, T., and Furuta, M. 
(2001). Plasma levels of agouti-related protein are increased in obese men. The 
Journal of Clinical Endocrinology and Metabolism. 86: 4-1921. 
Kielar, D., Clark, J. S., Ciechanowicz, A., Kurzawski, G., Sulikowski, T., and 
Naruszewicz, M. (1998). Leptin receptor isoforms expressed in human adipose 
tissue. Metabolism.  47: 844-847. 
Kling, P., Bjornsson, B. T., and Kurokawa, T. (2010). Leptin and leptin receptor genes 
in Atlantic salmon:  cloning, phylogeny, tissue distribution and expression 
correlated to long-term feeding status. General and Comparative 
Endocrinology. 168: 55-70. 
Kling, P., Ronnestad, I., Stefansson, S.  O., Murashita, K., Kurokawa, T., and 
Bjornsson, B.  T.  (2009).  A homologous salmonid leptin radioimmunoassay 
 
 
 
 
 
 
 
 
89 
 
 
indicates elevated plasma leptin levels during fasting of rainbow trout. General 
and Comparative Endocrinology. 162: 307-312. 
Koda, S., Date, Y., Murakami, N., Shimbara, T., Hanada, T., and Toshinai, K. (2005). 
The role of the vagal nerve in peripheral PYY 3-36-induced feeding reductions 
in rats. Endocrinology. 146: 75-2369. 
Kokkotou, E., Leon, J.  Y., Wang, X., Marino, F.  E., Carlson, M., and Trombly, D.  J. 
(2005).  Mice with MCH ablation resist diet induced obesity through strain 
specific mechanisms American Journal of Physiology. Regulatory, 
Integrative and Comparative Physiology. 289: 24-117. 
Kong, W. M., Stanley, S., Gardiner, J., Abbott, C., and Murphy, K. (2003). A role for 
arcuate cocaine and amphetamine regulated transcript in hyperphagia, 
thermogenesis, and cold adaptation.  Federation of American Societies for 
Experimental Biology. 17: 90-1688. 
Kurokawan, T., Uji, S., and Suzuki, T.  (2005).  Identification of cDNA coding for a 
homologue tomammalian leptin from pufferfish Takifugu rubripes, Journal of 
Peptide Science. 745-750. 
Langhans, W., Delprete, E., and Scharrer, E.  (1991).  Mechanisms of vasopressin’ s 
anorectic effect. Physiology and Behavior. 49: 169-176. 
Le Roux, C. W., Batterham, R. L., Aylwin, S., Patterson, M., Borg, C. M., and Wynne, 
K. J. (2005). Attenuated peptide YY releasein obese subjects is associated with 
reduced satiety. Endocrinology. 243: 14-108. 
Lee, Y. S., Poh, L. K., and Loke, K. Y. (2002). A novel melanocortin 3 receptorgene 
( MC3R)  mutation associated with severe obesity.  The Journal of Clinical 
Endocrinology and Metabolism. 87: 6-1423. 
 
 
 
 
 
 
 
 
90 
 
 
Lehy, T., Henin, D., Mignon, N., and Lewin, M. J. (2000). Leptin secretion and leptin 
receptor in the human stomach. British Society of Gastroenterology. 47: 178-
183. 
Leknes, I. V. (2011). Histochemical studies on mucin-rich cells in the digestive tract 
of a teleost, the Buenos Aires tetra (Hyphessobrycon anisitsi). Acta 
Histochemica. 113: 353-357. 
Levine, A.  S., and Morley, J.  E.  (1981).  Reduction of feeding in rats by calcitonin. 
Brain Research. 222: 187-191. 
Licinio, J., Caglayan, S., Ozata, M., Yildiz, B. O., De Miranda, P. B., and Okirwan, F. 
(2004).  Phenotipic effects of leptin replacement on morbid obesity, diabetes 
mellitus, hypogonadism, and behaviour in leptin-deficient adults. Proceedings 
of the National Academy of Sciences of the United States of America.  101: 
6-4531. 
Lieverse, R.  J., Jansen, J.  M.  B., Masclee, A.  M., and Lamers, C.  B.  H.  W.  (1995). 
Satietyeffects of a physiological dose of cholecystokinin in humans. Journal of 
the British Society of Gastroenterology. 36: 9-176. 
 Linjawi, S.  A., and Hussain, N.  A.  (2012).  Impact of leptin receptor gene 
GLN223ARG polymorphism on obesity in Jeddah City. Life Science Journal. 
9: 818-828. 
Lobo- da- Cunha, A., and Batista- Pinto, C.  (2005).  Light and electron microscopy 
studies of the oesophagus and crop epithelium in Aplysia depilans (Mollusca, 
Opisthobranchia). Tissue and Cell. 37: 447-56. 
Lobo-da-Cunha, A., Oliveira, V., Alves, A., Coelho, R., and Calado, G. (2010). Light 
and electron microscopic study of the anterior oesophagus of Bulla striata 
(Mollusca, Opisthobranchia). Acta Zoologica (Stockholm). 91: 125-138. 
 
 
 
 
 
 
 
 
91 
 
 
Lobo-da-Cunha, A., Malheiro, A. R., Alves, A., Oliveira, E., Coelho, R., and Calado, 
G.  (2011).  Histological and ultrastructural characterisation of the stomach and 
intestine of the opisthobranch Bulla striata (heterobranchia:  Cephalaspidea). 
An International Journal of Marine Sciences. 27: 61-75. 
Lotter, E. C., Krinsky, R., McKay, J. M., Treneer, C. M., Porte, D. J., and Woods, S. 
C. (1981). Somatostatin decreases food intake of rats and baboons. Journal of 
Comparative Physiology and Psychology. 5: 278-287. 
Londraville, R.  L., and Duvall, C.  S.  (2002).  Murine leptin injections increase 
intracellular fatty acid- binding protein in green sunfish (Lepomis cyanellus). 
General and Comparative Endocrinology. 129: 56-62. 
Lucidi, P., Murdolo, G., Di Loreto, C., Parlanti, N., De Cicco, A., and Fatone, C. 
(2005). Metabolic and endocrine effects of physiological increments in plasma 
ghrelin concentrations. Nutrition, Metabolism and Cardiovascular Diseases. 
15: 7-410. 
Macfarlane, S., and Dillon, J.  F.  (2007). Microbial biofilms in the human 
gastrointestinal tract.  Journal of Applied Microbiology. 102: 96-1187. 
Margetic, S., Gazzola, C., Pegg, G. G., and Hill, R. A. (2002). Leptin: a review of its 
peripheral actions and interaction. International Journal of Obesity. 26: 1407-
1433. 
Martin, G. G., Bessette, T., Martin, A., and Oakes, C. (2010). Morphology of epithelial 
cells lining the digestive tract of the giant keyhole limpet, Megathura crenulata 
(Mollusca; Vetigastropoda). Journal of Morphology. 271: 51-1134.  
Matzinger, D., Gutzwiller, J.  P., Drewe, J., Orban, A., Engel, R., and D’ Amato, M. 
(1999).  Inhibition of food intake in response to intestinal lipid is mediated by 
 
 
 
 
 
 
 
 
92 
 
 
cholecystokinin in humans.  American Journal of Physiology.  Regulatory, 
Integrative and Comparative Physiology. 277: 24-1718. 
Mayer, J., and Thoma, D.  J.  (1967).  Regulation of food intake and obesity.  Science. 
156: 37-328. 
McManus, J.  F.  A.  (1946).  Histological demonstration of mucin after periodic acid. 
Nature (London). 158: 202. 
Meeran, K., O’Shea, D., Edwards, C. M., Turton, M. D., Heath, M. M., and Gunn, I. 
(1999). Repeated intracerebroventricular administration of glucagon-like 
peptide-1-(7- 36) amide or exendin-(9- 39)  alters body weight in the rat. 
Endocrinology. 140: 50-244. 
Montagne, L., Piel, C., and Lalles, J.  P.  (2004).  Effect of diet on mucin kinetics and 
composition: nutrition and health implications. Nutrition Reviews. 62: 14-105. 
Morley, J. E., Levine, A. S., Brown, D. M., and Handwerger, B. S. (1982). The effect 
of calcitonin on food intake in diabetic mice. Peptides. 3: 17-20. 
Morash, B.  A., Imran, A., Wilkinson, D., Ur, E., and Wilkinson, M.  (2003).  Leptin 
receptors are developmentally regulated in rat pituitary and hypothalamus. 
Molecular and Cellular Endocrinology. 210: 1-8. 
Mowry, R.  W.  (1956).  Alcian blue techniques for the hoistochemical study of acid 
carbohydrates. Journal of Histochemistry and Cytochemistry. 4: 407.   
Murashita, K., Uji, S., Yamamoto, T., Runnestad, I., and Kurokawa, T.  (2008). 
Production of recombinant leptin and its effects on food intake in rainbow trout 
(Oncorhynchus mykiss).  Comparative Biochemistry and Physiology.  150: 
377-384. 
 
 
 
 
 
 
 
 
93 
 
 
Muruzabal, F. J., Frühbeck, G., Gomez, A J., Archanco, M., and Burrell, M. A. (2002). 
Immunocytochemical detection of leptin in non- mammalian vertebrate 
stomach. General and Comparative Endocrinology. 128: 149-152. 
Mustafa, Q.  Y., and Qasem, S.  A.  (2016).  Tissue processing and staining for 
histological analyses.  Skin Tissue Engineering and Regenerative Medicine. 
49-59. 
Mustonen, A. M., Nieminen, P., and Hyvarinen, H. (2002). Leptin, ghrelin, and energy 
metabolism of the spawning burbot (Lota lota, L. ).  Journal of Experimental 
Zoology. 293: 119-126. 
Myers, M. G., Cowley, M. A., and Munzberg, H. (2008). Mechanisms of leptin action 
and leptin resistance. Annual Review of Physiology. 70: 56-537. 
Nauck, M. A., Heimesaat, M. M., Orskov, C., Holst, J. J., Ebert, R., and Creutzfeldt, 
W. (1993). Preserved incretion activity of glucagon-like peptide 1 [7-36 amide] 
but not of synthetic human gastric inhibitory polypeptide in patients with type-
2 diabetes mellitus. Journal of Clinical Investigation. 91: 301-307. 
Neglia, S., Arcamone, N., Giuliana, G., and Girolamo, P. (2007). Immunocytochemical 
detection of leptin- like immunoreactivity in the chicken gastrointestinal tract. 
General and Comparative Endocrinilogy. 155: 432-437. 
Ng, T.  H., and Tan, S.  K.  (2011).  Observations of land snails feeding on the eggs of 
Pomacea canaliculata (Lamark, 1822) (Mollusca:  Gastropoda).  Nature in 
Singapore. 4: 79-83. 
Ngernsoungnern, P., Sartsoongnoen, N., Prakobsaeng, N., Chauyachet, O., 
Chokchaloemwong, D., Suksaweang, S., Ngernsoungnern, A., and Chaiseha, 
Y.  (2012).  Plasma leptin concemtrations during the reproductive cycle in the 
 
 
 
 
 
 
 
 
94 
 
 
native Thai chick (Gallus domesticus).  Animal Reproduction Science.  136: 
115-120. 
Nieminen, P., Mustonen, A.  M., and Hyvärinen, H.  (2003).  Fasting reduces plasma 
leptin and ghrelin-immunoreactive peptide concentrations of the burbot 
(Lotalota) at 2°C but not at 10°C. Journal of Experimental Zoology. 20: 1109-
1115. 
Niewiarowski, P. H., Balk, M. L., and Londraville, R. L. (2000). Phenotypic effects of 
leptin in an ectotherm:  a new tool to study the evolution of life histories and 
endothermy. The Journal of Experimental Biology. 203: 295-300. 
Nikumbh, R.  D., Nikumbh, D.  B., and Umarji, B.  N.  (2012).  Mucin histochemical 
study of the colon in normal and malignant lesions.  International Journal of 
Health Science & Research. 2: 20-32.   
Ollmann, M.  M., Wilson, B.  D., Yang, Y.  K., Kerns, J.  A., Chen, Y., and Gantz, I. 
(1997).  Antagonism of central melanocortin receptors in vitro and in vivo by 
agouti- related- protein.  International Journal of Science Education.  278:        
8-135. 
Owens, G.  (1958). Observations on the stomach and digestive gland of Scutus 
breviculus (Blainville). Proceedings of the Malacological Society of London. 
33: 103-114. 
Pagotto, U., Marsicano, G., Cota, D., Lutz, B.., and Pasquali, R. (2006). The emerging 
role of the endocannabinoid system in endocrine regulation and energy balance. 
Endocrine Reviews. 27: 73-100. 
Pain, T.  (1960). Pomacea canaliculata (Ampullariidae) of the Amazon river system. 
Journal of Conchology. 24: 421-432. 
 
 
 
 
 
 
 
 
95 
 
 
Paolucci, M., Rocco, M., and Varricchio, E.  (2001).  Leptin presence in plasma, liver 
and fat bodies in the lizard podarcis sicula:  fluctuations throughout the 
reproductive cycle. Life Science Journal. 69: 2399-2408. 
Parker, E., Van, Heek, M., and Stamford, A.  (2002).  Neuropeptide Y receptors as 
targets for anti- obesity drug development:  perspective and current status. 
European Journal of Pharmacology. 440: 173-187. 
Pavelka, M., and Roth, J. (2010). Functional ultrastructure: atlas of tissue biology 
and pathology. (2nd ed). Austria: Springer-Verlag/Wien. 
Paz-Filho, G., Mastronardi, C., Wong, M.  L., and Licinio, J.  (2012).  Leptin therapy, 
insulin sensitivity, and glucose homeostasis. Indian Journal of Endocrinology 
and Metabolism. 16: 3. 
Pelleymounter, M. A., Cullen, M. J., Baker, M. B., Hecht, R., Winters, D., Boone, T., 
and Collins, F.  (1995).  Effects of the obese gene product on body weight 
regulation in ob/ob mice. Science. 269: 540-543. 
Penick, S.  B., and Hinkle, L. (1961).  Depression of food intake induced in healthy 
subjects by glucagon. New England Journal of Medicine. 264: 893-898. 
Petraccioli, A., Maioa, N., Guarinoa, F. M., and Scillitani, G. (2013). Seasonal variation 
in glycoconjugates of the pedal glandular system of the rayed Mediterranean 
limpet, Patella caerulea (Gastropoda: Patellidae). Zoology. 116: 186-196. 
Plaisancie, P., Ducroc, R., El Homsi, M., Tsocas, A., Guilmeau, S., Zoghbi, S., 
Thibaudeau, O., and Bado, A. (2006). Luminal leptin activates mucin-secreting 
goblet cells in the large bowel. American Journal of Physiology-
Gastrointestinal and Liver Physiology. 290: 805-812. 
Pothos, E. N., Creese, I., and Hoebel, B. G. (1995). Restricted eating with weight loss 
selectively decreases extracellular dopamine in the nucleus accumbens and 
 
 
 
 
 
 
 
 
96 
 
 
alters dopamine response to amphetamine, morphine, and food intake.  The 
Journal of Neuroscience. 15: 50-6640. 
Porzionato, A., Fenu, G., Rucinski, M., Macchi, V., Montella, A., Malendowicz, L. K.,  
and De Caro1, R.  (2011).  KISS1 and KISS1R expression in the human and rat 
carotid body and superior cervical ganglion. European Journal of 
Histochemistry. 55: 4.  
Porte, D., Seeley, R. J., and Baskin, D. G. (2000). Central nervous system control and 
food intake. Nature Journal. 404: 71-661. 
Porter, K. J., and Rivera, E. R. (1980). “The Golgi apparatus in epidermal mucoid and 
ellipsoid- vacuolate cells of Aeolidia papillosa and Coryphella rufibranchialis 
(Nudibranchia). Protoplasma. 102: 217-233. 
Probert, H.  M., and Gibson, G.  R.  (2002). Bacterial biofilms in the human 
gastrointestinal tract. Current Issues in Intestinal Microbiology. 3: 23-7. 
Proietto, J., Fam, B. C., Ainsle, D. A., and Thorburn, A. W. (2000). Novel antiobesity 
drugs. Expert Opinion on Investigational Drugs. 9: 1317-1326. 
Ramos, E.  J.  B., Meguid, M.  M., and Campos, A.  C.  L.  (2005).  Coelho JCU 
Neuropeptide Y, a-melanocyte-stimulating hormone, and monoamines in food 
intake regulation. Journal of Nutrition. 21: 79-269. 
Raouf, A.  H., Tsai, H.  H., Parker, N., Hoffman, J., Walker, R. J., and Rhodes, J.  M. 
(1992). Sulphation of colonic and rectal mucin in inflammatory bowel disease: 
reduced sulphation of rectal mucus in ulcerative colitis.  Clinical Science.  83: 
6-623. 
Reizes, O., Lincecum, J., Wang, Z., Goldberger, O., Huang, L., and Kaksonen, M. 
(2001). Transgenic expression of syndecan-1 uncovers a physiological control 
of feeding behavior by syndecan-3. Journal of Cell. 106: 16-105. 
 
 
 
 
 
 
 
 
97 
 
 
Robert, C.  R.  H.  (2002).  Apple snails (Ampullariidae)  as agricultural pests:  their 
biology, impacts and management, in Barke.  Centre for Agriculture and 
Bioscience International. 145-192. 
Robert, C.  R.  H., and Thiengo, S.  C.  (2003). The apple snails of the Americas 
(Mollusca: Gastropoda: Ampullariidae: Asolene, Felipponea, Marisa, Pomacea, 
Pomella) :  a nomenclatural and type catalog.  Journal of Molluscan Studies. 
45: 41-100. 
Robinson, W. E., and Morse, M. P. (1979). Histochemical investigation of the pedal 
glads and glandular cells of Unela nahantensis Doe, 1974 (Opistobranchia: 
Acochlidiacea). Transactions of the American Microscopical Society.  98: 
195-203. 
Rodgers, R. J., Halford, J. C. G., Nunes, R. L., Canto, A. L., Piper, D. C., and Arch, J. 
R.  S.  (2001).  Dose- response effects of orexin- A on food intake and the 
behavioural satiety sequence in rats. Regulatory Peptides. 96: 71-84.  
Rodgers, R. J., Halford, J. C. G., Nunes, R. L., Canto, A. L., Piper, D. C., and Arch, J. 
R.  S.  (2001).  SB- 334687, a selective orexin- 1 receptor antagonist, enhance 
behavioural satiety and block the hyperphagic effect of orexin- A in rats. 
European Journal of Neuroscience. 13: 52-1444. 
Rosenbaum, M., Murphy, E. M., Heymsfield, S. B., Matthews, D. E., and Leibel, R. L. 
( 2002) .  Low dose leptin administration reverses effects of sustained weight-
reduction on energy expenditure and circulating concentrations of thyroid 
hormones.  The Journal of Clinical Endocrinology and Metabolism.  87:        
4-2391. 
Runnestad, I., Nilsen, T. O., Murashita, K., Angotzi, A. R., Gamst, A. G., Stefansson, 
S. O., Sakurai, T., Amemiya, A., Ishii, M., Matsuzaki, I., Chemelli, R. M., and 
 
 
 
 
 
 
 
 
98 
 
 
Tanaka, H.  (1998).  Orexins and orexin receptors:  a family of hypothalamic 
neuropeptides and G protein- coupled receptors that regulate feeding behavior. 
Journal of Cell. 92: 85-573. 
Schauer, R.  (1982).  Sialic acid:  chemistry metabolism and function. Cell Biology 
Monographs (Vol. 10). New York: Springer Verlag. 
Schwanke, M. K., Klonowski-Stumpe, H., Herberg, L., and Niederau, C. (1998). Long-
term effects of CCK-agonist and-antagonist on food intake and body weight in 
Zucker lean and obese rats. Journal of Peptide Science. 19: 9-291 
Schwartz, M. W., Woods, S. C., Scillitani, G., Zizza, S., Liquori, G.  E., and Ferri, D. 
(2007). Lectin histochemistry of gastrointestinal glycoconjugates in the greater 
horseshoe bat, Rhinolophus ferrumequinum (Schreber, 1774). Acta 
Histochemica. 109: 57-347. 
Scillitani, G., Zizza, S., Liquori, G.  E., and Ferri, D.  (2007).  Lectin histochemistry of 
gastrointestinal glycoconjugates in the greater horseshoe bat, Rhinolophus 
ferrumequinum) (Schreber, 1774). Acta Histochemica. 109(5): 57-347. 
Sheahan, D.  G., and Jervis, H.  R.  (1976). Comparative histochemistry of 
gastrointestinal mucosubstances.  American Journal of Anatomy.  31:  103-
146. 
Shirbhate, R., and Cook, A. (1987). Pedal and opercular secretory glands of Pomatias, 
Bithynia and Littorina. Journal of Molluscan Studies. 53: 79-96. 
Sindelar, D.  K., Havel, P.  J., Seeley, R.  J., Wilkinson, C.  W., Woods, S.  C., and 
Schwartz, M.  W.  (1999).  Low plasma leptin levels contribute to diabetic 
hyperphagia in rats. American Diabetes Association Journals. 48: 80-1275. 
 
 
 
 
 
 
 
 
99 
 
 
Skidmore, R., and Rivera, E. R. (1982). Cytochemistry of the longnecked cells in the 
foot of Onchidoris muricata (nudibranchia). The Biological Bulletin. 162: 113-
123. 
Sobhani, I., Bado, A., Vissuzaine, C., Buyse, M., Kermorgant, S., Laigneau, J.  P., 
Attoub, S., Stunkard, A. J., Harris, J. R., Pedersen, N. L., and McClearn, G. E. 
(1990). The body- mass index of twins who have been reared apart.  New 
England Journal of Medicine. 322: 1483-1487. 
Tolle, V., Kadem, M., Bluet-Pajot, M. T., Frere, D., Foulon, C., and Bossu, C. (2003). 
Balance in ghrelin and leptin plasma levels in anorexia nervosa patients and 
constitutionally thin women. The Journal of Clinical Endocrinology and 
Metabolism. 88: 16-109. 
Tonstad, S.  (2006).  Rimonabant:  a cannabinoid receptor blocker for the treatment of 
metabolic and cardiovascular risk factors. Nutrition, Metabolism and 
Cardiovascular Diseases. 16: 62-156. 
Tschop, M., Smiley, D.  L., and Heiman, M.  L. (2001).  Ghrelin induces adiposity in 
rodents. Nature. 407: 13-908. 
Van, L. F., Rissanen, A. M., Scheen, A. J., Ziegler, O., and Rossner, S. (2005). Effects 
of the cannabinoid- 1 receptor blocker rimonabant on weight reduction and 
cardiovascular risk factors in overweight patients:  1- year experience from the 
RIO-Europestudy. The Lancet Neurology Medical Journal. 365: 97-1389. 
Van, D.  L.  A., Tschop, M., Heiman, M.  L., and Ghigo, E.  (2004).  Biological, 
physiological, pathophysiological and pharmacological aspects of ghrelin. 
Endocrine Reviews. 25: 57-426. 
Varki, A., Cummings, R., and Esko, L. (1999). Essentials of glycobiology. New York: 
Cold Spring Harbor Laboratory Press. 
 
 
 
 
 
 
 
 
100 
 
 
Vegusdal, A., Sundvold, H., Gjoen, T., and Ruyter, B.  (2003).  An in vitro method for 
studying the proliferation and differentiation of Atlantic salmon preadipocytes. 
Journal of Lipid Research. 38: 289-296. 
Verdich, C., Flint, A., Gutzwiller, J.  P., Naslund, E., Beglinger, C., and Hellstrom, P. 
M.  (2001).  A meta- analysis of the effect of glucagons- like peptide- 1 (7- 36) 
amide on ad libitum energy intake in humans. The Journal of Clinical 
Endocrinology and Metabolism. 86: 4382-4389. 
Vettor, R., Fabris, R., Pagano, C., and Federspil, G. (2002).  Neuroendocrine regulation 
of eating behaviour. Journal of Endocrinological Investigation. 25: 54-836. 
Volkoff, H., and Peter, R.  E.  (2001).  Characterization of two forms of cocaine and 
amphetamine- regulated transcriot (CART) peptide precursors in goldfish: 
molecular cloning and distribution, modulation of exoression by nutritional 
status, and interactions with leptin.  Journal of Endocrinology.  142:  5076-
5088. 
Volkoff, H., Eykelbosh, A. J., and Peter, R. E. (2003). Role of leptin in the control of 
feeding of goldfish Carassius auratus:  interactions with cholecystokinin, 
neuropeptide Y and orexin A, and modulation by fasting. Brain Research. 972: 
90-109. 
Voltzow, J. (1994). Gastropoda: Prosobran. In F. W. Harrison and A. J. Kohn (eds.). 
Microscopic Anatomy of Invertebrates (pp. 111-252).  New York.  
Wanting, X. A., Kaelin, C. B., Takeda, K., Akira, S., Schwartz, M. W., and Barsh, G. 
S.  (2005). PI3K integrates the action of insulin and leptin on hypothalamic 
neurons. Journal of Clinical Investigation. 115: 8-951. 
 
 
 
 
 
 
 
 
101 
 
 
Wesseling, J., Van der Valk, S. W., Vos, H. L., and Sonnenberg, A. (1995). Episialin 
(MUCI) overexpression inhibits integrin-mediated cell adhesion to extracellular 
matrix components. Journal of Cell Biology. 129: 255-265. 
Williams, G., Cai, X. J., Elliot, J. C., and Harrold, J. A. (2004). Anabolic neuropeptides. 
Physiology and Behavior. 8: 22-211. 
Woods, S. C. (2004). Gastrointestinal satiety signals. An overview of gastrointestinal 
signals that influence food intake. American Journal of Physiology-
Gastrointestinal and Liver Physiology. 286: 7-13. 
Wren, A. M., Seal, L. J., Cohen, M. A., Brynes, A. E., Frost, G. S., and Murphy, K. G. 
(2001). Ghrelin enhances appetite and increases food intake in humans.  The 
Journal of Clinical Endocrinology and Metabolism. 86: 5992-5995. 
Yaghoubian, S., Filosa, M. F., and Youson, J. H. (2001). Proteins immunoreactive with 
antibody against a human leptin fragment are found in serum and tissues of the 
sea lamprey, Petromyzon marinus L. Comparative Biochemistry and 
Physiology. 129: 777-785. 
Yanik, T., Dominguez, G., Kuhar, M. J., Giudice, E. M., and Loh, Y. P. (2006). The 
Leu34Phe Pro CART mutation leads to cocaine-  and amphetamine- regulated 
transcript (CART) deficiency:  a possible cause for obesity in humans. 
Endocrinology. 147: 39-43. 
Yuan, G., Zhi, L., Zhu, Q. L., Zheng, J. L., Tan, X. Y., Chen, Q. L., Lin, Y. C., and Lu, 
R. H. (2013). Characterization and tissue distribution of leptin, leptin receptor 
and leptin receptor overlapping transcript genes in yellow catfish Pelteobagrus 
fulvidraco. General and Comparative Endocrinology. 182: 1-6. 
 
 
 
 
 
 
 
 
102 
 
 
Zhang, Y., Proenca, R., Maffei, M., Barone, M., Leopold, L., and Friedman, J. M. 
(1994).  Positional cloning of the mouse obese gene and its human homologue.  
Nature. 372: 425-432. 
Zhang, J. V., Ren, P. G., Avsian-Kretchmer, O., Luo, C. W., Rauch, R., and Klein, C. 
(2005). Obestatin, a peptide encoded by the ghrelin gene, opposes ghrelin’ s 
effects on food intake. Science. 310: 996-999.
 
 
 
 
 
 
 
 
103 
   
 
 
 
 
 
 
 
 
 
 
APPENDICES  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
104 
   
 
APPENDIX A 
STATISTICAL ANALYSIS 
 
Table 1A Statistic comparison of heights of the epithelia cells in GI tract. 
(I) organ (J) organ 
Mean 
Difference 
(I-J) 
Std. 
Error 
Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
Esophagus Stomach -.23100 .09911 .132 -.5146 .0526 
Intestine -1.16820* .09911 .000 -1.4518 -.8846 
Rectum -.09930 .09911 .751 -.3829 .1843 
Stomach Esophagus .23100 .09911 .132 -.0526 .5146 
Intestine -.93720* .09911 .000 -1.2208 -.6536 
Rectum .13170 .09911 .559 -.1519 .4153 
Intestine Esophagus 1.16820* .09911 .000 .8846 1.4518 
Stomach .93720* .09911 .000 .6536 1.2208 
Rectum 1.06890* .09911 .000 .7853 1.3525 
Rectum Esophagus .09930 .09911 .751 -.1843 .3829 
Stomach -.13170 .09911 .559 -.4153 .1519 
Intestine -1.06890* .09911 .000 -1.3525 -.7853 
 
*The mean difference is significant at the 0.05 level. 
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Table 2A Statistic comparison of percentages of the mucin- secreting cells stained 
with Periodic acid-Schiff (PAS). 
(I) organ (J) organ 
Mean 
Difference 
(I-J) 
Std. 
Error 
Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
esophagus Intestine -1.00000 1.51438 .788 -4.7548 2.7548 
rectum 3.80000* 1.51438 .047 .0452 7.5548 
Intestine esophagus 1.00000 1.51438 .788 -2.7548 4.7548 
rectum 4.80000* 1.51438 .010 1.0452 8.5548 
rectum esophagus -3.80000* 1.51438 .047 -7.5548 -.0452 
Intestine -4.80000* 1.51438 .010 -8.5548 -1.0452 
 
* The mean difference is significant at the 0.05 level. 
  
  
 
Table 3A Statistic comparison of percentages of the mucin- secreting cells stained 
with alcian blue pH 2.5. 
(I) organ (J) organ 
Mean 
Difference 
(I-J) 
Std. 
Error 
Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
esophagus Intestine -2.30000 1.24186 .172 -5.3791 .7791 
rectum 3.30000* 1.24186 .034 .2209 6.3791 
Intestine esophagus 2.30000 1.24186 .172 -.7791 5.3791 
rectum 5.60000* 1.24186 .000 2.5209 8.6791 
rectum esophagus -3.30000* 1.24186 .034 -6.3791 -.2209 
Intestine -5.60000* 1.24186 .000 -8.6791 -2.5209 
 
* The mean difference is significant at the 0.05 level. 
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Table 4A Statistic comparison of percentages of the mucin- secreting cells 
stained with alcian blue pH 1.0. 
(I) organ (J) organ 
Mean 
Difference 
(I-J) 
Std. 
Error 
Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
esophagus Intestine -1.30000 1.22957 .548 -4.3486 1.7486 
rectum .00000 1.22957 1.000 -3.0486 3.0486 
Intestine esophagus 1.30000 1.22957 .548 -1.7486 4.3486 
rectum 1.30000 1.22957 .548 -1.7486 4.3486 
rectum esophagus .00000 1.22957 1.000 -3.0486 3.0486 
Intestine -1.30000 1.22957 .548 -4.3486 1.7486 
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Table 5A Statistic comparison of intensities of leptin- like peptide immunoreactive 
bands in parts of the GI tract. 
(I) Organ (J) Organ 
Mean 
Difference 
(I-J) 
Std. 
Error 
Sig. 
95% Confidence 
Interval 
Lower 
Bound 
Upper 
Bound 
Esophagus Stomach 43.27120* 2.23737 .000 36.8700 49.6724 
Intestine 24.90320* 2.23737 .000 18.5020 31.3044 
Rectum 45.93220* 2.23737 .000 39.5310 52.3334 
Stomach Esophagus -43.27120* 2.23737 .000 -49.6724 -36.8700 
Intestine -18.36800* 2.23737 .000 -24.7692 -11.9668 
Rectum 2.66100 2.23737 .642 -3.7402 9.0622 
Intestine Esophagus -24.90320* 2.23737 .000 -31.3044 -18.5020 
Stomach 18.36800* 2.23737 .000 11.9668 24.7692 
Rectum 21.02900* 2.23737 .000 14.6278 27.4302 
Rectum Esophagus -45.93220* 2.23737 .000 -52.3334 -39.5310 
Stomach -2.66100 2.23737 .642 -9.0622 3.7402 
Intestine -21.02900* 2.23737 .000 -27.4302 -14.6278 
 
* The mean difference is significant at the 0.05 level. 
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Table 6A Statistic comparison of leptin-like peptide levels in fed snails. 
(I) 
Day 
(J) 
Day 
Mean 
Difference (I-J) 
Std. 
Error 
Sig. 
95% Confidence Interval 
Lower 
Bound 
Upper Bound 
D0 D5 .08584 .32295 .993 -.8181 .9897 
10 .13233 .32295 .976 -.7716 1.0362 
15 .21102 .32295 .913 -.6929 1.1149 
D5 D0 -.08584 .32295 .993 -.9897 .8181 
10 .04650 .32295 .999 -.8574 .9504 
15 .12518 .32295 .980 -.7787 1.0291 
10 D0 -.13233 .32295 .976 -1.0362 .7716 
D5 -.04650 .32295 .999 -.9504 .8574 
15 .07868 .32295 .995 -.8252 .9826 
15 D0 -.21102 .32295 .913 -1.1149 .6929 
D5 -.12518 .32295 .980 -1.0291 .7787 
10 -.07868 .32295 .995 -.9826 .8252 
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Table 7A Statistic comparison of levels of the leptin-like peptide in fasted snails. 
(I) 
Day 
(J) 
Day 
Mean 
Difference  
(I-J) 
Std. 
Error 
Sig. 
95% Confidence Interval 
Lower 
Bound 
Upper 
Bound 
D0 D5 1.97783* .31021 .000 1.1096 2.8461 
10 1.74106* .31021 .000 .8728 2.6093 
15 .20029 .31021 .916 -.6680 1.0686 
D5 D0 -1.97783* .31021 .000 -2.8461 -1.1096 
10 -.23677 .31021 .870 -1.1050 .6315 
15 -1.77754* .31021 .000 -2.6458 -.9093 
10 D0 -1.74106* .31021 .000 -2.6093 -.8728 
D5 .23677 .31021 .870 -.6315 1.1050 
15 -1.54077* .31021 .000 -2.4090 -.6725 
15 D0 -.20029 .31021 .916 -1.0686 .6680 
D5 1.77754* .31021 .000 .9093 2.6458 
10 1.54077* .31021 .000 .6725 2.4090 
 
*. The mean difference is significant at the 0.05 level. 
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APPENDIX B 
INFORMATION FOR ANALYSIS 
 
 
Figure 1B Standard graph for human leptin. 
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APPENDIX C 
THE PREPARATIONS OF REAGENTS 
 
Phosphate buffer saline pH 7.4 
Chemicals 
 Sodium chloride (NaCl)      8 g 
 Potassium chloride (KCl)      0.2 g 
 Disodium hydrogen phosphate (Na2HPO4)    1.44 g 
 Potassium dihydrogen Phosphate (KH2PO4)    0.24 g 
 Distilled water        1 L 
Preparation 
 Add chemical compounds one by one into 800 ml of distilled water. Adjust the 
pH to 7.4 with HCl. Add distilled water to a total volume of 1 liter. Sterilization by 
autoclaving (20 min, 121oC, liquid cycle). Store at room temperature. 
 
Coating buffer (carbonate buffer), 0.05 M pH 9.6 
Chemicals 
15 mM Sodium carbonate (Na2CO3)      1.59 g 
35 mM Sodium bicarbonate (NaHCO3)     2.93 g 
Distilled water         1 L 
Preparation 
The total chemical compounds were mixed in distilled water. pH was adjusted 
to 9.6. Sterilization by autoclaving (20 min, 121oC, liquid cycle). 
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Lysis buffer 
Chemicals 
10 mM TRIS hydrochloride (Tris-HCl) pH 7.2    0.16 g 
150 mM Sodium chloride (NaCl)      0.87 g 
1 mM Ethylenediaminetetraacetic acid (EDTA)    0.04 g 
0.5% Triton X-100        25 µl 
1 mM Phenylmethylsulfonyl fluoride (PMSF)    50 µl  
Distilled water         100 ml 
Preparation 
 Prepare stock solution by adding Tris-HCl, NaCl, and EDTA into 80 ml 
distilled water. Adjust pH to 7.2 and then add distilled water to a total volume of          
100 ml. Sterilization by autoclaving (20 min, 121oC, liquid cycle program). Prepare 
working solution by adding PMSF and Triton X-100 into 4.945 ml stock solution. 
 
Electrophoresis buffer pH 8.3 
Chemicals 
Tris (hydroxymethyl) aminomethane (Tris base)    3.02 g 
Glycine         14.4 g 
Sodium dodecyl sulfate (SDS)      1 g 
Distilled water         1 L 
Preparation 
 The total chemical compounds were mixed in 1 L distilled water. 
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Transfer buffer 
Chemicals 
Tris (hydroxymethyl) aminomethane (Tris base)    2.93 g 
Glycine         5.81 g 
Sodium dodecyl sulfate (SDS)      0.375 g 
Methanol         200 ml 
Distilled water         1 L 
Preparation 
The total chemical compound was mixed in distilled water. Ready for use. 
 
Separating gel 
Chemicals 
Autoclaved H2O        5.68 ml 
30% acrylamide         12 ml 
Separating gel buffer        6 ml 
10% Sodium dodecyl sulfate (SDS)      240 µl 
10% Ammonium persulfate (APS)      120 µl 
(N, N, N, N, -tetramethyl ethylenediamine) TEMED   8 µl 
Preparation 
 Mix all chemical compounds together, except TEMED which was added at the 
final process. 
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Stacking gel 
Chemicals 
Autoclaved H2O        6 ml. 
30% acrylamide        1.34 ml. 
Stacking gel buffer        2.5 ml. 
10% Sodium dodecyl sulfate (SDS)      100 µl. 
10% Ammonium persulfate (APS)      50 µl. 
(N, N, N, N, -tetramethyl ethylenediamine) TEMED   5 µl. 
Preparation 
 Mix all chemical compounds together, except TEMED which was added at the 
final process. 
 
Gel Setting 
Reagents 
12.5%  
separating gel 
15%  
separating gel 
4%  
stacking gel 
2 sides 4 sides 2 sides 4 sides 2 sides 4 sides 
30% acrylamide 5 ml 10 ml 6 ml 12 ml 0.67 ml 1.34 ml 
Separating gel 
buffer 
3 ml 6 ml 3 ml 6 ml - - 
Stacking gel 
buffer 
- - - - 1.25 ml 2.5 ml 
10% SDS 120 µl 240 µl 120 µl 240 µl 50 µl 100 µl 
Autoclaved 
H2O 
3.84 ml 7.68 ml 2.84 ml 5.68 ml 3 ml 6 ml 
10% APS 60 µl 120 µl 60 µl 120 µl 25 µl 50 µl 
TEMED 4 µl 8 µl 4 µl 8 µl 2.5 µl 5 µl 
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APPENDIX D 
PROCEEDING PRESENTATION 
 
Proceedings of the APMC11 / MST33 / AAT39 Conference 
May 23-27, 2016, Phuket, Thailand 
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